
INFAUNA OF THE NORTHEASTERN BERING

AND SOUTHEASTERN CHUKCHI  SEAS

by

Howard M. Feder, Robert H. Day, Stephen C. Jewett,
Kris McCumby, Steven McGee, and Susan V. Schonberg

Institute of Marine Science
University of Alaska

Fairbanks, Alaska 99701

Final Report
Outer Continental Shelf Environmental Assessment Program

Research Unit 5

January 1982

1



ACKNOWLEDGEMENTS

We thank the officers and crew of the USCGC P o l a r Star for logistic

support in collecting the infaunal samples. David Nyquist (NOAA) col-

lected the April 1979 samples and Denby Lloyd (IMS) collected the June

1980 samples. We also thank the following personnel of the Institute

of Marine Science, University of Alaska: Robert Sutherland and the staff

of the Data Management section, Ana Lea Vincent for drafting, the Publica-

tions staff for aid in preparation of this report, and Kenneth O. Coyle

for crustacean identifications. The analyses are based on computer pro-

grams developed by Grant E. M. Matheke of the Institute of Marine Science;

we also thank him for helping us adapt his programs to this project.

This study was supported under contract No. NA 80RACO0217 between the

University of Alaska and NOAA, Department of Commerce, through the Outer

Continental Shelf Environmental Assessment Program to which funds were

provided by the Bureau of Land Management, Department of the Interior.

2



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . ...2

I.

II.

111.

IV.

v.

VI.

VII .

VIII.

IX.

SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT. . . . . . . . . 5

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . 8

General Nature and Scope of Study. . . . . . . . . . . . . 8
Specific Objectives. . . . . . . . . . . . . . . . . . . . 10
Relevance to Problems of Petroleum Development . . . . . . 11

CURRENT STATEOFKNOWLEDGE . . . . . . . . . . ..O . . . . 13

STUDY AREAS. . . . . e . . . . . . . . . . . . . . . . . . . 15

SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION. . . . . . 15

Field and Laboratory . . . . . . . . . . . . . . . . . . . 15
Numerical Analysis. . . . . . . . . . . . . . . . . . . . 19
Diversity. . . . . . . . . . . . . . . . . . . . . . . . . 25
Trophic Structure.  . . . . . . . . . . . . . . . . . . . . 27

RESULTS. . . . . . . . . . . . . . . . . . . . . . . . . . . 28

General. . . . . . . . . . . . , . . . . . . . . . . . . . . 28
Biologically Important Taxa (BIT) . . . . . . . . . . . . . . 28
Numerical Analysis: ln-Transformed Density Data . . . . . . . 29
Numerical Analysis: Untransformed Density Data. . . . . . . . 50
Motility and Trophic Structure. . . . . . . . . . . . . . . . 50
Density, Biomass, and Diversity . . . . . . . . . . . . . . . 52

DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . , 55

Biologically Important Taxa (BIT) . . . . . . . . . . . . . . 55
Numerical Analysis. . . . . . . . . . . . . . . . . . . . . . 56
General Features of the Station Groups. . . . . . . . . . . . 61
General Summary and Implications of Oil Development . . . . . 63

CONCLUSIONS. . . . . . . . . . . . . . . . . . . . . . , . . 65

NEEDS FORFURTHERSTUDY. . . . . . . . . . . ..O . . ...72

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . , . . . . . 74

3



TABLE OF CONTENTS (continued)

Page

APPENDIX A. List of all taxa identified from the grab samples
taken April 1979 and May-June 1980 in the eastern
Bering and Chukchi  seas . . . . . . . . . . . . . . . . 83

APPENDIX B. Dominance-diversity curves of density and biomass
estimates for each station group produced by
cluster analysis of ln-transformed density data . . . . 98

4



I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TO

OCS OIL AND GAS DEVELOPMENT

The objectives of this study were: (1) a quantitative inventory of

dominant infaunal invertebrates (inclusive of small, slow-moving epifaunal

species) at selected stations in the study areas, (2) a description of spa-

tial distribution patterns of species in the designated study areas, and

(3) limited observations of biological interrelationships, emphasizing tro-

phic interactions, between selected segments of the benthic biota.

A total of 47 widely dispersed stations for quantitative grab sampling

were established in the eastern Bering and southeastern Chukchi Seas and

were analyzed for this report. The stations were primarily located within

or adjacent to the sites of four oil lease areas: the Zhemchug Basin,

the Navarin Basin, the St. Matthew Basin, and the Hope Basin. Stations were

also occupied within and near the Chirikov Basin.

Six hundred and forty-seven taxa were identified. It is probable

that all taxa with numerical and biomass importance have been collected

in the areas of investigation and that only rare taxa will be added in

future sampling.

Criteria established for Biologically Important Taxa (BIT) delineated

128 taxa, with 62 of these identified as important in biomass at one or

more stations.

Multivariate techniques were employed to examine groupings of stations

and taxa in the study areas. In order to use multivariate techniques, a

significant reduction in the number of taxa to be used in the analyses was

necessary. Only those taxa identified to at least the generic level, occur-

ring at three or more stations, and designated as BIT, were included in the

numerical analyses; 189 such taxa were included.

The combined use of the multivariate techniques of cluster and

principal coordinate analyses led to generalizations concerning station

groups and species assemblages in the study areas:

1. A normal cluster analysis of transformed density data produced eleven

station groups at the 21% similarity level. Three large station groups
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(A’, B, and D) were identified within and adjacent to the Navarin

Basin lease area. One major station group (B) and two minor single-

station groups (Station 74 [Group F] and Station 73 [Group C]) made up

the Zhemchug Basin lease area. One small station group (Group E) des-

cribed the St. Matthew Basin lease area. Two small station groups

(Groups C and H) were identified within and adjacent to the Hope Basin

lease area. A distinctive station (Group I; Station 31) occurred

north of Etolin Strait and Nunivak Island. Two small station groups

occurred adjacent to Cape Nome (Group A" )  and north of St. Lawrence

Island (Group J). One station (Group G;

Bering Strait, and a small station group

north of the strait.

2. Forty-two species groups were identified

Station 56) characterized

(Group F) was located just

by an inverse cluster analysis

of transformed density data at the 23% similarity level. The distribu-

tion of twenty of these groups showed a good association with the major

station groups.

3. A normal cluster analysis of untransformed density data produced ten

station groups at the 22% similarity level. This analysis , which

places emphasis on the dominant species, resulted in one major station

group (A’1) encompassing most of the Navarin Basin and Zhemchug Basin

lease areas; all of the stations in these lease areas deeper than 100 m

were included in this group. The status of none of the other station

groups changed with this analysis.

The percent frequency of occurrence of motility and feeding classes

in station groups that were formed by cluster analysis of ln-transformed

density was calculated. The most frequent type of motility in each station

group was of taxa that were motile. Deposit-feeding organisms dominated

the feeding classes in all station groups.

Knowledge of species composition within

eastern Bering and southeastern Chukchi  Seas

the station groups in the

made it possible to make a

preliminary assessment of the ecological consequences of damage to or loss

of any of the known or prospective food species within the stations or sta-

tion groups. Many of the more common deposit-feeding infaunal species in

the Zhemchug and Navarin Basin lease areas were actual or potential food
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resources for bottom-feeding species (e.g., Tanner crab and bottom fishes),

and loss of any or all of these food organisms could disrupt the trophic

system involving these species. The dense populations of infaunal  species

in the vicinity of the St. Matthew Basin lease area comprised many organisms

commonly taken by benthic predators elsewhere in the Bering Sea, and damage

to large numbers of these organisms could negatively affect as yet unknown

biological interactions in the region. In addition, the large numbers of

tubes of the polychaete M y r i o c h e l e o c u l a t a  in the area just north of Etolin
Strait and Nunivak Island (and adjacent to the St. Matthew Basin lease

area) stabilize the bottom sediments there. Loss of or damage to a large

segment of this polychaete  population could destabilize the bottom sedi-

ments, resulting in the establishment of a new complement of dominant

species. Obvious ecological changes might be expected if such damage oc-

curred. A similar major ecological alteration of the bottom could occur

in the Chirikov Basin, where large populations of tube-dwelling ampeliscid

amphipods occurred. The latter problem could be compounded if recovery of

the amphipod population did not take place prior to the annual summer feed-

ing migration of gray whales (Eschrichtius robustus) to the area. The

amphipods are a major food of the whales at this time, so depletion of the

resource could be detrimental to these mammals. The Chirikov Basin and

the region in the vicinity of St. Lawrence Island also contain dense popu-

lations of bivalve mollusks and other benthic food species that are used

intensively at various periods of the year by bearded seals (Erignathus

barbatus)  and walruses (Odobenus rosmarus divergent). contamination or loss

of these food items would negatively affect a sizable percent of the popula-

tions of these mammals. The high benthic biomass characteristically ob-

served in the Bering Strait and the southeastern Chukchi Sea in the vicinity

of the Hope Basin lease area represents both a reservoir of food used by

bottom-feeding fishes in warm years and a year-round food resource for the

Tanner crabs (Chionoecetes  opilio) resident in this region. The latter

area is relatively shallow and could be easily contaminated by petroleum.

Damage or loss of the high standing stocks of benthic food organisms could

be critical to the predatory species that frequent the region, some of which

(e.g., Tanner crab and flatfishes) are near the northern limits of their

range.
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Initial assessment of all data for the study areas suggests that:

(1) sufficient station group uniqueness exists to permit development of

monitoring programs based on taxon composition within the groups, using

grab sampling, multivariate analysis, and selected statistical techniques;

and (2) adequate numbers of biologically relatively well-known, abundant~

and/or large species are available to permit nomination of likely monitor-

ing candidates for the areas if oil-related activity is initiated.

II. INTRODUCTION

General Nature and Scope of Study

The operations connected with oil exploration, production, and trans-

portation in the Bering and Chukchi Seas present a wide spectrum of potential

dangers to the marine environment (see Olson and Burgess, 1967, for general

discussion of marine pollution problems). Adverse effects on the marine

environment of these areas cannot be quantitatively assessed, or even pre-

dicted, unless background data are acquired prior to industrial development.

Insufficient long-term information about an environment, and the basic

biology and recruitment of species in that environment, can lead to erroneous

interpretations of changes in types and density of species that might occur

if the area becomes altered (see Pearson, 1971, 1972, 1975; Nelson-Smith,

1973; Rosenberg, 1973; and Pearson and Rosenberg, 1978, for general discus-

sions of benthic  biological investigations in industrialized marine areas).

Populations of marine species fluctuate over a time span of a few to 30 years

(Lewis, 1970; personal communication). Such fluctuations are typically

unexplainable because of absence of long-term data on physical and chemical

environmental parameters in association with biological information on the

species involved (Lewis, 1970; personal communication).

Benthic organisms (primarily the infauna, but also the sessile and slow-

moving epifauna) are particularly useful as indicator species for a dis-

turbed area because they tend to remain in place, typically react to long-

range environmental changes, and, by their presence, generally reflect the

nature of the substratum. Consequently, the organisms of the infaunal

benthos have frequently been chosen to monitor long-term pollution effects
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and are believed to reflect the biological health of a marine area (see

Pearson, 1971, 1972, 1975; Rosenberg, 1973; and Pearson and Rosenberg,

1978, for discussion on long-term usage of benthic organisms for monitor-

ing the effects of pollution).

The presence of large numbers of benthic epifaunal species of actual or

potential commercial importance (crabs, shrimps, snails, finfishes) in the

Bering Sea further dictates the necessity of understanding benthic communi-

ties, since many commercial species feed on infaunal and small epifaunal

residents of the benthos (see Zenkevitch, 1963; Feder et al., 1980a, b; and

Feder and Jewett, 1981a, for discussions of the interaction of commercial

species and the benthos). Any drastic changes in density of the food benthos

could affect the health and numbers of these commercially important species.

Experience in pollution-prone areas of England (Smith, 1968), Scotland

(Pearson, 1972, 1975; Pearson and Rosenberg, 1978), and California (Straughan,

1971) suggests that, at the completion of an initial exploratory study,

selected stations should be examined regularly on a long-term basis to de-

termine whether any post-development changes in species content, diversity,

density, and/or biomass have taken place. Such long-term data acquisition

should make it possible to differentiate between normal ecosystem variation

and pollutant-induced biological alteration. Intensive investigations of

the benthos of the Bering and Chukchi Seas are also essential for an under-

standing of both the trophic interactions involved in these areas and of

the potential changes that could take place once oil-related activities are

initiated. The benthic macrofauna of the Bering and Chukchi  Seas is re-

latively well known taxonomically,  and some data on distribution, density,

general biology, and feeding mechanisms are reported in the literature

(Feder and Mueller, 1977; Feder et al., 1978; Stoker, 1978; Feder and Jewett,

1978, 1980). The relationship of specific infaunal feeding types with

certain substrate conditions has been documented (although in a limited

fashion) as well (Haflinger,  1978; Feder et al., 1980b). However, detailed

information on the temporal and spatial variability of the benthic fauna

is sparse, and the relationship of benthic  species with the overlying sea-

sonal ice cover is not known. Some of the macrofaunal benthic species may

be negatively affected by oil-related activities. An understanding of these

9



benthic  species and their interactions with each other and with various

aspects of the abiotic features of their environment are essential to the

development of environmental predictive capabilities for the Bering and

Chukchi Seas.

The benthic biological program in the northeastern Bering Sea and the

southeastern Chukchi Sea during this project emphasized development of an

inventory of species as part of the overall examination of the biological,

physical, and chemical components of those portions of the shelf slated for

oil exploration and drilling activity. In addition, computer programs

developed for use with data collected in the northeast Gulf of Alaska, and

designed to quantitatively assess assemblages of benthic  species on the

shelf there, were applicable to this study (Feder and Matheke, 1980). The

resultant computer analysis expands the understanding of distribution patterns

of species in the study area.

The research program was designed to survey the benthic fauna on the

northeastern Bering Sea and southeastern Chukchi Sea shelf in regions of

offshore oil and gas concentrations. During the first phases of research,

emphasis was placed on the collection of data on faunal composition and

abundance of shelf infauna to develop baselines to which potential future

changes could be compared. Future development of long-term studies on life

histories and trophic interactions should clarify which components of the

various species groups are vulnerable to environmental damage, and should

ultimately help to determine the rates at which damaged environments can

recover.

Specific Objectives

1. To quantitatively inventory of dominant infaunal invertebrates at se-

lected stations in the study areas.

2. To describe spatial distribution patterns of species in the designated

study areas.

3. To make limited observations of biological interrelationships, emphasiz-

ing trophic interactions, among selected segments of the benthic biota.



Relevance to Problems of Petroleum Development

The effects of oil pollution on subtidal benthic organisms have been

seriously neglected , although a few studies, conducted after serious oil

spills, have been published (see Boesch et al., 1974) for a review of these

papers). Thus, lack of a broad data base elsewhere makes it difficult at

present to adequately predict the effects of oil-related activity on the

subtidal benthos of the Bering and Chukchi Seas. However, research activi-

ties in Alaska OCSEAP areas should ultimately enable us to point with some

confidence to certain species or regions that might bear closer scrutiny

once industrial activity is initiated. It must be emphasized that a con-

siderable time frame is needed to understand long-term fluctuations in

density of marine benthic  species. Thus, it cannot be expected that short-

term research programs will result in predictive capabilities: assessment

of the environment must be conducted on a continuing basis.

As indicated previously, infaunal  benthic organisms tend to remain in

place and, consequently, have been useful as an indicator species for dis-

turbed areas. Thus, close examination of stations with substantial comple-

ments of infaunal  species is warranted. Changes in the environment at sta-

tions with relatively large numbers of species might be reflected in a de-

crease in species diversity, with increased dominance of a few (see Nelson-

Smith, 1973, for further discussion of oil-related changes in diversity).

Likewise, stations with substantial numbers of epifaunal  species should be

assessed on a continuing basis (Feder and Jewett, 1978, 1980). The potential

effects of loss of specific species to the overall trophic structure in the

Bering and Chukchi Seas cannot be fully assessed at this time, but the prob-

lem can probably be better addressed using preliminary information on benthic

food studies now available in Feder and Jewett (1978, 1980, 1981a), Smith

et al. (1978) and Jewett and Feder (1980).

Data indicating the effect of oil on subtidal benthic invertebrates are

fragmentary; however, echinoderms are “notoriously sensitive” to any reduc-

tion in water quality (Nelson-Smith, 1973). Echinoderms (ophiuroids, aster-

oids, and holothuroids) are conspicuous members of the benthos of the Bering

and Chukchi Seas (Feder and Jewett, 1978, 1980; Jewett and Feder, 1981) ,



and could be affected by oil activities there. Asteroids (sea stars) and

ophiuroids  (brittle stars) are often important components of the diet of

large crabs (for example, the king crab feeds on sea stars and brittle stars:

Feder and Jewett, 1981a, b; Jewett and Feder, in press) and demersal fishes

(Jewett and Feder, 1980; Feder, unpubl. data). The Tanner or snow crab

(Chionoecetes opilio)  is a conspicuous member of the shallow shelf of the

Bering and Chukchi Seas. Laboratory experiments with C. bairdi have shown

that postmolt  individuals lose most of their legs after exposure to Prudhoe

Bay crude oil (Karinen and Rice, 1974); obviously, this aspect of the

biology of the snow crab must be considered in the continuing assessment of

this species. Little other direct data based on laboratory experiments are

available for subtidal benthic species (Nelson-Smith, 1973).

A direct relationship between trophic structure (feeding type) and

bottom stability has been demonstrated by Rhoads (1974). A diesel-fuel oil

spill resulted in oil becoming adsorbed on sediment particles, with the

resultant mortality of many deposit-feeders living on sublittoral muds.

Bottom stability was altered with the death of these organisms, and a new

complex of species became established in the altered substrate. The most

common members of the infauna of the eastern Bering and southeastern Chukchi

Seas are deposit-feeders (data of present report); thus, oil-related

mortality of these species could result in a changed near-bottom sedimen-

tary regime, with subsequent alteration of species composition.

As suggested above, upon completion of initial baseline studies in pollu-

tion prone areas , selected stations should be examined regularly on a long-

term basis. Cluster analysis techniques discussed below, supplemented by

principal coordinate analysis, should provide information useful for selec-

tion of stations to be used for continuous monitoring of infauna. In addi-

tion, these techniques should provide insight into normal ecosystem varia-

tion (Williams and Stephenson, 1973; Stephenson et al., 1974; Clifford and

Stephenson, 1975). Also, future examination of the biology (e.g., age,

growth, condition, reproduction, recruitment, and feeding habits) of

selected species should offer clues to possible effects of environmental

alteration.



111. CURRENT STATE OF KNOWLEDGE

Data on distribution, density, and feeding mechanisms for infaunal

species from the Bering and Chukchi Seas are reported in the literature

(Neiman, 1960; Filatova and Barsanova, 1964; Kuznetsov, 1964; Rowland, 1973;

Stoker, 1973; Feder and Mueller, 1977; Stoker, 1978; Feder and Jewett, 1980).

The relationship of specific infaunal feeding types with certain hydrographic

and sediment conditions has been documented (Neiman, 1960, 1963; Stoker,

1973, 1978). However, the direct relationship of these feeding types with

the overlying winter ice cover and its contained algal material and with pri-

mary productivity in the water column is not known. Preliminary insights

into the mechanisms that might integrate the water column and the benthos

of the southeastern Bering Sea are included in Alexander and Cooney (1979)

and Alexander and Niebauer (1981).

Neiman (1963) discussed the distribution of the benthic biomass in the

Bering Sea. She found that the biomass was highest in the western and

northern parts of the shelf , reaching a maximum average of 905 g/m2 in the

Chirikov Basin, north of St. Lawrence Island. The primary productivity of

the Bering Sea is quite high, averaging 1.46 mg C/m5-hr in Bristol Bay and

1.71 mg C/m3-hr over the major part of the northern shelf in summer (Taniguchi,

1969) . Summer productivity in the Chirikov  Basin be even higher, with

18.2 mg C/m3-hr recorded at one station sampled (McRoy et al., 1972). This

productivity compares favorably with the highest values encountered in

the world's oceans (Stoker, 1978).

The biomass and productivity of microscopic sediment-dwelling bacteria,

diatoms, microfauna, and meiofauna have not been determined for the Bering

and Chukchi Seas, and their roles should ultimately be clarified. It is

probable that these organisms are important agents for recycling nutrients

and energy from sediment to the overlying water mass (see Fenchel, 1969,

for a general review),

Until the initiation of OCSEAP investigations, the epifauna of the

eastern Bering and Chukchi Seas had been little studied since the trawling

activities of the Harriman Alaska Expedition (Merriam, 1904). Limited

information can be obtained from the report of the pre-World  War II king crab
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investigations (Anonymous, 1942) and from the report of the Pacific

Explorer fishing and processing operations in 1948 (Wigutoff and Carlson,

1950) . Some information on species found in areas is included in reports

of the U.S. Fish and Wildlife Service Alaska exploratory fishing expedition

to the northern Bering Sea in 1949 (Ellson et al., 1949). Neiman (1960) has

published a quantitative report on the molluscan  communities in the eastern

Bering Sea. A phase of the research program conducted by the King Crab

Investigation of the Bureau of Commercial Fisheries (now known as National

Marine Fisheries Service) for the International North Pacific Fisheries

Commission included an ecological study of the eastern Bering Sea during the

summers of 1958 and 1959 (McLaughlin, 1963). Sparks and Pereyra (1966) have

presented a partial checklist and general discussion of the benthic fauna

encountered during a marine survey of the southeastern Chukchi Sea during

the summer of 1959. Their marine survey was carried out in the southeastern

Chukchi Sea from Bering Strait to just north of Cape Lisburne and west to

169”W longitude. Some species described by them in the Chukchi Sea extend

into the Bering Sea and are important there. An intensive survey of the

epifauna of the northeastern Bering Sea and southeastern Chukchi Sea is re-

ported in Feder and Jewett (1978) and Jewett and Feder (1981). Epifauna

collected by them is described in terms of numbers and biomass trawled.

They also include data on the food of several species of benthic inverte-

brates and fishes.

Crabs and bottom-feeding fishes of the Bering and Chukchi Seas exploit

a variety of food types, with benthic invertebrates most important (see

Feder and Jewett, 1980; Feder and Jewett, 1981a). Some marine mammals of

the Bering Sea also feed on benthic species (Lowry and Burns, 1976; Lowry

et al., 1979, in press; Frost and Lowry, 1981; Lowry and Frost, 1981).

Walruses and bearded seals feed predominantly on what appear to be slow-

growing species of mollusks, but most species of seals prefer the more

rapidly growing crustaceans and fishes in their diets (Fay et al., 1977;

Lowry and Frost, 1981). Gray whales primarily eat amphipod crustaceans,

many of them infaunal  species; they are also reported to eat a variety of

other benthic organisms. Marine mammals, although showing food preferences,

are opportunistic feeders. As a consequence of the broad spectrum of foods



utilized and the exploitation of secondary and tertiary consumers, marine

mammals are difficult to place in a trophic scheme and to assess in terms of

energy cycling. Intensive trawling and oil-related activities on the Bering

Sea shelf may have important ecological effects on infaunal  and epifaunal

organisms used as food by marine mammals. If benthic trophic relationships

are altered by these industrial activities, the food regimes of marine mammals

may be altered.

Bibliographies of northern marine waters , emphasizing the Bering Sea,

are included in Feder and Mueller (1977), Feder and Jewett (1978), Feder

et al. (1980b),  and Jewett and Feder (1981).

IV. STUDY AREAs

A series of van Veen grab stations were occupied in or near four pro-

spective OCS petroleum lease areas in the northeastern Bering Sea and

southeastern Chukchi  Sea: Navarin Basin, Zhemchug Basin, St. Matthew Basin,

and Hope Basin; stations were also occupied in the Chirikov Basin (Fig. 1;

Table I).

v. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Field and Laboratory

Benthic  infauna were collected on two cruises on the USCGC Polar Star,

one in 1979 and the other in 1980. The April 1979 cruise occurred in the

northeastern Bering and southeastern Chukchi Seas. A total of 18 stations

were sampled during this cruise. The 1980 cruise consisted of two segments

(legs) . The first leg (2-29 May 1980) yielded collections from 33 stations,

25 in the top-priority Navarin Basin lease area and 8 in the St. Matthew

Basin lease area. Leg 11 took place between 1 and 26 June 1980. Samples

came from 12 stations between St. Lawrence Island and Bering Strait (Chirikov

Basin), 7 stations in or near the Hope Basin , and 7 stations in or near the

Zhemchug  Basin. An additional 14 benthic stations were occupied for Mary

Nerini, National Marine Fisheries Service, Seattle, in the Chirikov Basin;

her data will be reported elsewhere.
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TABLE I

BENTHIC STATIONS ANALYZED FROM THE NORTHEASTERN
BERING SEA AND THE SOUTHEASTERN CHUKCHI SEA,

APRIL 1979 AND MAY-JUNE 1980

Total Grab Coordinates c

Station No. Date Vol.a(fi) Depthb (m) Latitude Longitude

Navarin Basin

1
2
3
4
5
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

4 May 1980
5 May 1980
5 May 1980
6 May 1980
6 May 1980
8May 1980
8May 1980
9 May 1980
9 May 1980

Iohfay 1980
10 May 1980
11 May 1980
11 May 1980
12 May 1980
12 May 1980
13 May 1980
13 May 1980
14 May 1980
14 May 1980
15 May 1980
15 May 1980
16 May 1980
16 May 1980
17 May 1980

St. Matthew Basin

73
36
64
35
32
69
71
73
69
66
69
36
95
80
73
74
75
76
85
83
65
62
73
77

26 22May 1980 18
27 23 May 1980 49
31 25 May 1980 18

St. Lawrence Island
to Bering Strait

38 5 Jun 1980 39
40 6 Jun 1980 34
56 16 Jun 1980 9
65 18 Jun 1980 33
1 19 Apr 1979 -
5 21 Apr 1979 -

135.6
162.6
136.4
165.6
193.8
144.2
147.0
141.8
140.8
122.6
103.0
78.2
85.2

102.6
117.8
116.0
101.8
81.4
90.8

103.2
121.4
124.4
115.0
102.4

59”31.6’N
59°44.2’N
6o”oo.1’N
60°26.6’N
60°38.6’N
60°43.5’N
60°25.8’N
60°01.8’N
59°47.2’N
59°43.7’N
59°58.5’N
60°14.6’N
60”42.8’N
60”30.2’N
60”13.3’N
60”49.5’N
60°59.4’N
61”29.8’N
61”42.9’N
,61°31.9’N
61°01.9’N
61”30.2’N
61°48.1’N
62°00.2’N

176”08.9’W
177”49.2’W
177°30.8’W
178”17.6’W
178”41.1’W
177°38.3’W
177°16.5’W
176”55.2’W
176”11.6’W
175°C)l.2’W
174°11.7’w
173”44.3’W
174”06.O’W
174”45.1’W
175”28.O’W
176°16.3’W
175°30.1’w
174°44.4’w
175”34.3’W
176”15.5’W
177”03.5’W
177”27.7’W
177”07.3’W
176”22.3’W

34.6 62°10.4’N  168”59.1’W
46.4 61°44.8’N 170”22.3’W
22.4 61°14.8’N  167”08.9’W

34.0 64°01.6’N  168”31.4’w
39.8 64°23.7’N 168”31.2’w
51.6 65°46.0’N 168”35.O’W
23.0 63”50.9’N  171”23.2’w
22.0 64”17.4’N 165”56.3’w
22.0 64°30.7’N 166”23.6’w
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TABLE I

CONTINUED

Total Grab Coordinatesc

Station No. DaEe vol. a(Q Depthb (m) Latitude Longitude

Hope Basin

48 8 Jun 1980 12 18.6 66”35.5’N 165°58.9’W
49 9 Jun 1980 61 29.8 67”08.7’N 165”12.8’W
50 II Jun 1980 55 22.8 66”48.1’N 165°00.0’W
51 12 Jun 1980 65 24.0
52 13 Jun 1980 13

66”50.O’N 163”52.O’W
12.8

54
66”21.2’N 166°36.0’W

15 Jun 1980 22 32.2
55

66”46.O’N 168°41.0’W
15 Jun 1980 39 53.2 66”19.2’N 168°35.0’W

zhemchug Basin
(N.W. of Pribilof Islands)

69 21 Jun 1980 61 102.0
70

58”45.3’N 172°19.4’W
21 Jun 1980 40 134.4

71
58”50.8’N 173”55.5’W

22 Jun 1980 19 122.4
72 22 Jun 1980 56

58”00.O’N 173°45.0’W
103.4

73
58”16.4’N 172”21.3’W

23 Jun 1980 50 79.6
74 23 Jun 1980 20

58”13.9’N 170”41.6’W
72.2

75
57”29.6’N 170”28.3’W

24 Jun 1980 49 109.4 57”31.O’N 172”18.1’W

%otal volume from five grabs

bMean depth of five grabs

wean coordinate of five grabs

1$



Quantitative samples were taken with a 0.1 m2 van Veen grab with bottom

penetration facilitated by addition of 31.7 kg (70 pounds) of lead weight

to each grab. Two 1.0 mm mesh screen doors on top of the grab served to

decrease shock waves produced by bottom grabs (see Feder and Matheke, 1979,

for discussion of grab operation and effectiveness of the van Veen grab).

Five replicate grabs were typically taken at all stations on all cruises

(see discussion of optimum number of replicates that should be taken in a

grab-sampling program in Feder and Matheke, 1979). Material from each grab

was washed on a 1.0 mm mesh stainless steel screen and preserved in 10%

formalin  buffered with hexamine. Samples were stored in plastic bags.

Forty-seven stations were analyzed in the laboratory (Institute of

Marine Science, University of Alaska, Fairbanks). Time limitations neces-

sitated a reduction in the number of stations examined. However, station

selections were based on the need for adequate biological coverage in and

adjacent to each of the OCS petroleum lease areas addressed by this report.

Samples were rinsed to remove the last traces of sediment, spread on a

tray, covered with water, and rough-sorted by hand. The biotic material

was then transferred to fresh presemative (buffered 10% formalin),  and

identifications were made. All organisms were counted and wet-weighed

after excess moisture was removed with absorbent towel.

Numerical Analysis

Criteria developed by Feder and Matheke (1980) to recognize Biologically

Important Taxa (BIT) were applied to the data. By use of these criteria,

each species was considered independently (items 1, 2, and 3 below) , as

well as in combination with other benthic species (items 4 and 5; adopted

from Ellis, 1969). Each taxon classified as a BIT in this study meets at

least one of the four conditions below:

1. It is distributed in 50% or more of the total stations sampled.

2. & 3. It comprises over 10% of either the composite population density

or biomass collected at any one station.

4. Its population density is significant at any given station. The

significance is determined by the following test:



a. A percentage of the total density of all taxa is calculated

for each taxon, with the sum of percentages of the total

population density of all taxa at each station equaling 100%.

b. These percentages are then ranked in descending order.

c. The percentages of the taxa are

until a cut-off point of 50% is

taxa whose percentages are used

summed in descending order

reached. The BIT are those

to reach the 50% cut-off point.

When the cut-off point of 50% is exceeded by the percentage

of the last taxon added, this taxon is also included.

Station groups and species assemblages were identified using cluster

analysis.

1.

2.

3.

Data

Cluster analysis can be divided into three basic steps:

Calculation of a measure of similarity or dissimilarity between

entities to be classified.

Sorting through a matrix of similarity coefficients to arrange

the entities in a hierarchy or dendrogram.

Recognition of classes within the hierarchy.

reduction prior to calculation of similarity coefficients consisted

of elimination of both taxa that could not be identified to genus and taxa

that occurred at fewer than three stations. If a taxon was a Biologically

Important Taxon (Appendix A) , it was retained, however. Taxa which could

be identified to genus but which may have included more than one species

were also eliminated from the analysis. This treatment reduced the number

of taxa to 189 (Table II).

The Czekanowski coefficient was used to calculate a similarity matrix

for cluster analysis. The Czekanowski  coefficient is a quantitative modi-

fication of the Sgkenson  coefficient, which is based on the presence or

absence of particular attributes.

Sgkenson

_ 2C
CS1,2 .A+B where A = total

B = total
c = total

number of attributes of entity one
number of attributes of entity two
attributes shared by entities one

and two

lThe Czekanowski coefficient is synonymous with the Motyka (Mueller-Dombois
and Ellenberg,  1974) and Bray-Curtis (Clifford and Stephenson, 1975) co-
efficients.
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TABLE II

SPECIES SELECTED FOR NUMERICAL ANALYSIS OF GRAB DATA

Polychaeta

An-tinoella  sarsi
Areteobea antic?ostiensis
Arc-teobea spinelytris
Gattywa ciliata
G&@na cirrosa
G&@na treachwlli
Harmothoe imbrieata
Hesperone comphnata
!l’enonia kitsapensis
IVemidia tamzrae
PhoZoe minutia
Anaitides groenlandiea
Anaitides mueosa
Eteone Zonga
Typosyllis alternata
EusyZZis blomstrandi
Neph&ys assimilis
Nephtys eiliata
Nepht9s eaeea
Nephtys pune-tata
Nephtys riekettsi
Nephtys kwgosetosa
Glgcinde pieta
Onuphis S~.
Onuphis conehylega
On.uphis geophiliformis
Onuphis irideseens
DriZonereis filum
Drilonereis falcata minor
Haploscoloplos  elongatus
Seoloplos armiger
APicidea Lopezi
Aricidea minuta
Tauberia gracilis
Apistobranehus tullbergi
Laonice eirrata
Po@iora socialis
F!rionospio cirrifera
Prionospio  steenstrupi
Spio filieornis
Spiophanes bombyx
MageZona pacifica
Spiochcwtopterus  typicus
Spioehaetopterus  eos~arum
Tharyx seeundus
Chuetozone setosa
Brada villosa

Polychaeta  (continued)

F.ZabeZZigera mastigophora
Scalibregma  infZatum
Ammotrypane aulogaster
Ophelia limacina
Travisia forbesii
l%avisia pupa
Sternaspis scutata
Capitiella capitata
Heteromastus  filifoz?nis
Heteromastus giganteus
Mediomastus  eapensis
Barantolla cunericana
MaZdane sarsi
MaZdane glebifex
AxiotheZla catenata
Praxilklla gracilis
Praxillella p~aetezmissa
Rhodine gracilior
Owenia fusifozmis
Myriochele heeri
Myriochele  oeulata
Amphictene moorei
Cistenides granulata
Ampharete acwtifrons
Ampharete finmarchica
Amphicteis gunneri
Lysippe Za.biuta
Melinna cristata
Asabellides  sibirica
NeoZeprea spiralis
Pista cristata
Pistu elongata
Pista brevibranchiata
Artiacama conife?a
TerebeZZi&?s stroemi
Chone infundibuliformis
Chone eineta
Euchone analis
Euehone Zongifissu.rata
Potcvnilla negleeta
Laonome kyoyeri
Aphrodita negligens

Aplacophora

Chaetoderma robusta
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TABLE II

CONTINUED

Bivalvia Cirripedia

Nucula tawts
llucuh.na pernzda
Nucukna fossa
Yoldia amygdizlea
Yoldia hyperborea
Yoldia mgalis
Yoldia thraciaefozmis
Astarte bozwalis
@Zocardia sp.
.@eloeardia  crebricostata
Axinopsida serricata
Axinopsida viridis
Thyasi~a flexuosa
Diplodonta alwtica
Mysella tumida
MyseZla aleutica
Odontogena borealis
CZinocamdium  ciliatwn
Serripes groenlandicus
Liocyma sp.
Liocyma fluctuosa
Psephidia Zordi
Mamma caZcaxea
Maeoma brota
HiatelZa arctica

Gastropod

Lepeta caeca
Solariella obscura
Sohzriella  varicosa
Tachyrhynchus erosus
Natica clausa
PoZinices patlidus
Fusitrition oregonensis
Buceinum SP.
Neptunea lyrata
Oenopota ewurvata
Retusa obtusa
CyZichna alba

Copepoda

Caknus plwnchrus
Metridia lucens

BaZanus erenatus

Cumacea

HemiZamprops pectinata
Leucon nasica
Eudorella emarginata
Eudmella pacifica
Eudorella dentata
Eudorellopsis integra
Eudorellopsis  deformis
Eudorellopsis  uschakovi
DiastyZis alaskensis
Diastylis bidentata
Diastiylis paxaspinulosa
Campylaspis umbensis

Isopoda

Synidotea  bicuspids
Pleu.rogonium  rubic-undm
Pleurogonium spinosissimum

Amphipoda

AmpeZisca macrocephala
AmpeZisea birula-i
Ampel<sca eschrichti
AmpeZ4sea furcigera
BybZis gainmrdi
Corophium crassieornis
Ericthonius hunteri
Melita dentata
MeZita quadrispinosa
Pontoporeia  femorata
Urothoe sp.
Urothoe denticulatia
Photis spasskii
Protomedeia  fasciata
protomedeia  chelata
Anonyx nugax
Anonyx laticoxae
Anonyx sarsi
Opisa eschrichti
Bathymedon  nanseni
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TABLE II

CONTINUED

Amphipoda (continued)

Maehaironyx  muelle~i
Pa~oediceros  Zynceus
Westwoodilla caecula
llicippe tunnhia
Harpinia kobjakovae
Harpdnia guq’anovae
WPa@oxuS robustus
Paraphoxus oeulatius
TiPon bioeuZata

Decapoda

Argis laYJ
Pagurus trigonocheirus
Chionoecetes opilio

Sipunculida

Golfingia marga.ritaeea

Echiuroidea

Echiurus echiurus alaskonus

Priapulida

PriqxAZus eaudatus

Ectoprocta

AZeyonidiwn discifozwe

Asteroidea

Ctenodiseus erispatus

Echinoidea

Eehinarachnius  parma

Ophiuroidea

Dianphiodia  sp.
Diamphiodia  craterohetia
Ophiura sarsi

Holothuroidea

Cuewmmia spa

Teleostei

Amodytes hexapterus
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Czekanowski

CS1,2
= & where A = the sum of the measures of attributes of

entity one
B = the sum of the measures of attributes of

entity two
w= the sum of the lesser measures of attri-

butes shared by entities one and two

The Czekanowski coefficient has been used effectively in marine benthic

studies by Field and MacFarlane (1968), Field (1969, 1970, and 1971), Day

et az. (1971), Stephenson and Williams (1971), Stephenson et aZ. (1972) and

Feder and Matheke (1980). This coefficient emphasizes the effect of dominant

species on the classification, and is often used with some form of transforma-

tion. The Czekanowski coefficient was used to calculate similarity matrices

for normal cluster analysis (with stations as the entities to be classified

and species as their attributes) and inverse cluster analysis (with species

as entities and stations as attributes) , using both zn-transformed and un-

transformed density data (individuals/mZ). The natural logarithm trans-

formation, Y = Zn(X-1-1),  reduces the influence that dominant species have on

the similarity determination. Dendrograms were constructed from the similar-

ity matrices using a group-average agglomerative hierarchical cluster analy-

sis (Lance and Williams, 1966).

As an aid in the interpretation of dendrograms formed by cluster analy-

sis, two-way coincidence tables comparing site groups formed by normal analy-

sis and species groups formed by inverse analysis were constructed (Stephen-

son et aZ., 1972). In each table, the original species x station data

matrix was rearranged (based on the results of both normal and inverse

analysis) so the stations or species with the highest similarities were ad-

jacent to each other. The two-way coincidence table was then divided into

cells whose elements are the abundance of each of the species in a species

group at each of the stations in a station group. The two-way coincidence

tables were then reduced to create a table of average cell densities (De)

by summing the

resulting sums

priate species

station group,

values of all the elements (n) in each cell and dividing the

by the product of the number of species (Nsp) in the appro-

group and the number of stations (Nst) in the appropriate

as in
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Dc = (NSp;”mst)

Principal coordinate analysis (Gower, 1967, 1969) was used as an aid

in interpreting the results of the cluster analysis (Stephenson and Williams,

1971; Boesch,  1973) and in identifying misclassifications of stations by

clusCer analysis. Misclassifications in an agglomerative cluster analysis

can occur by the early fusion of two stations and their subsequent incorpora-

tion into a group whose stations have a high similarity to only one member of

the original pair (Boesch,  1973). In principal coordinate analysis, an

interstation similarity matrix is generated as in normal cluster analysis.

The similarity matrix generated can be conceived of as a multi-dimensional

space in which the stations are arranged in such a way that they are sep-

arated from one another according to their similarities, with the most

similar stations being closest. An ordination is then performed on the

matrix to extract axes from this multidimensional space, so that stations’

relationships can be depicted in two or three dimensions. The first axis

extracted coincides with the longest axis and accounts for the largest

amount of variation in the similarity matrix; subsequent axes account for

successively smaller amounts of variation in the data. The Czekanowski

coefficient was used to calculate the similarity matrices used in principal

coordinate analysis.

Diversity

Species diversity can be thought of as a measurable attribute of a col-

lection or a natural assemblage of species and consists of two components:

the number of species, or “species richness”, and the relative abundance of

each species, or “evenness”. The two most widely used measures of diversity

that include species richness and evenness are the Brillouin  (1962) and

Shannon (Shannon and Weaver, 1963) information measures of diversity (Ny-

bakken, 1978). There is still disagreement on the applicability of these

indices, and results are often difficult to interpret (Sager and Hasler,

1969; Hurlbert,  1971; Fager, 1972; Peet, 1974; Pielou, 1966a, b). Pielou

(1966a, b, 1977) has outlined some of the conditions under which these in-

dices are appropriate.
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The Shannon function

H1 = -z pi log pi
i

where
n.

Pi=?

n. = number of individuals1 in the ith species
N = total number of individuals

assumes that a random sample has been taken from an infinitely large popula-

tion whereas the Brillouin function

H=* log
N:

n !n !“”*n I
1 2 s

is appropriate only if the entire population has been sampled. Thus, if we

wish to estimate the diversity of the fauna at a station, the Shannon func-

tion is appropriate. The Brillouin function is merely a measure of the

diversity of the five grab samples taken at each station and makes no pre-

dictions about the diversity of the benthic community from which the samples

were drawn. The evenness of samples taken at each site can be calculated

using the Brillouin measure of evenness, J = H/H , where H = Brillouin
maximum

diversity function. Hmaximum, the maximum possible diversity for a given

number of species, occurs if all species are equally common and is calculated

as:

H = * log
N!

maximum {[N/s]!}s ‘r{([N/s]+l)!}r

where [N/s] = the integer part of N/s
s = number of species in the censused

community
r.N - s[N/s]

Theoretically, the evenness component of the Shannon function can be calcu-

lated from the following:

J’ = “log s*
where H’ = Shannon diversity function

S* = the total number of species in the
randomly sampled community



However, s*, the total number of species in a randomly sampled community,

is seldom known for benthic infaunal communities. Therefore, the evenness

component of the Shannon diversity index was not calculated (for a discus-

sion, see Pielou, 1977). Both the Shannon and Brillouin diversity indices

were calculated in a study by Feder and Matheke (1980), and they were

closely correlated (r = 0.97), indicating that either index would be ac-

ceptable, as both Loya (1972) and Nybakken (1978) have suggested. Species

richness (Margalef, 1958) was calculated as

~R=&# where S = the number of species
N = the total number of individuals

The Simpson index (Simpson, 1949) was also calculated:

ni(ni-l)
D = 1-Z

N(N-1)

where N =
n. =
1

total number of individuals
number of individuals in the
ith species

These indices were calculated for all stations sampled.

The Simpson Index is an indicator of dominance, since the maximum value,

one, is obtained when there is a single species (complete dominance); values

approaching zero are obtained when there are numerous species, each of which

is a very small fraction of the total (no dominance). The Shannon and

Brillouin  indices are indicators of diversity in that, the higher the value,

the greater the diversity and the less the community is dominated by one or

a few kinds of species.

Trophic Structure

The trophic structure of each of the station groups formed by cluster

analysis was determined by classifying the 50 most abundant species in each

station group into five feeding classes: suspension-feeders, deposit-

feeders, predators, scavengers, and unknown. All species used in the deter-

mination of trophic structure were assigned to feeding classes based on

available literature (MacGinitie  and MacGinitie, 1949; Morton, 1958; Fretter

and Graham, 1962; J~rgensen,  1966; Day, 1967; Hyman, 1967; Mills,” 1967;
,
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Purchon, 1968; Stanley, 1970; Eltringham, 1971; Feder et CZZ., 1973; Abbott,

1974; Barnes, 1974; Feder and Mueller, 1975; Trueman, 1975; Yonge and

Thompson, 1976; Jumars and Fauchald, 1977; Haflinger, 1978; Feder and

Matheke, 1979; Fauchald and Jumars, 1979; Feder and Matheke, 1980; Feder

et a2., 1981a) and personal observation. Since species are distributed

along a’continuum of feeding types and many organisms utilize several feed-

ing modes, it is often difficult to place a species in a specific class.

For example, protobranch mollusks, generally regarded as deposit-feeders,

may also feed on particles in suspension (Stasek~ 1965; Stanley, 1970).

However, since these mollusks probably obtain most of their nutritional re-

quirements from the sediment, they were classified as deposit feeders.

Species whose feeding behavior was unknown or uncertain were classified as

“unknown”. The percentage of individuals belonging to each feeding clas-

sification was calculated for each station group. When a species was as-

signed to two roughly equal feeding classes, we arbitrarily assigned a

value of one-half to each class. Species were also classified into three

classes of motility: sessile,  discretely motile (generally sessile but

capable of movement to escape unfavorable environmental conditions (after

Jumars and Fauchald,  1979), and motile. The percentage of individuals

belonging to each motility class was also calculated for each station group.

VI. RESULTS

General

Benthic infaunal data were collected at 91 stations during the April

1979 and May-June 1980 cruises. A total of 47 stations was subsequently

selected for analysis (Fig. 1; Table I).

Biologically Important Taxa (BIT)

From the 47 stations, 647 taxa were identified and the Biologically

Important Taxa (according to Feder and Mueller, 1975 and Feder and Matheke,

1979) were designated (see Appendix A). The criteria for the Biologically

Important Taxa (BIT) delineated 128 taxa (Appendix A). Sixty-two of the

BIT were identified as important in terms of biomass at one or more stations.



Some of the la’tter taxa were widely distributed throughout the study area,

for example Heteromastus fi2-ifor%-nk (Polychaeta), Maldam gleb<fex (Poly-

chaeta), @riocheZe ooulata (Polychaeta), Nucula tenuis (Pelecypoda) , and

Uphiuxa sarsi (Ophiuroidea)  .

Numerical Analysis: 2n-Transformed  Density Data

A normal cluster analysis of Zn-transformed density data produced eleven

station groups at the 23.5% similarity level; Stations 31 (Group I) and 56

(Group G) did not group with any of the other stations (Fig. 2a; Table IIIa).

Station Group A, a major group, was further subdivided at the 26% similarity

level into A’ (stations within and adjacent to the Navarin Basin lease area)

and A“ (stations adjacent to Cape Nome) (Figs. 2, 3; Table III). Station

Group B, another large group, consisted of two station clusters, one within

the Zhemchug  Basin lease area and the other within the northern tip and to

the east of the Navarin Basin lease area. Station Group C consisted of two

stations within Kotzebue  Sound and one station in the Zhemchug  Basin lease

area. Station Group D consisted of six stations northeast of the Navarin

Basin lease area. Station Group E was composed of two stations in the Saint

Matthew Basin lease area. Station Group F consisted of two stations north

of Bering Strait and one station in, the Zhemchug Basin lease area. Station

Group G was just north of Bering Strait. Station Group H was composed of

three stations between the Hope Basin lease area and the Seward Peninsula.

Station Group I was located north of Nunivak Island. Station Group J consis-

ted of three stations north of St. Lawrence Island (Chirikov Basin).

An inverse cluster analysis identified 42 species groups at the 23%

similarity level (Fig. 4; Table IV). A two-way coincidence table (Feder

and Matheke, 1979, 1980), as well as a reduced two-way table of average cell

densities (Table V), were used to determine the species and species groups

which characterized and distinguished each of the station groups. A sum-

mary of the major species groups follows (refer to Tables IV-V and Appendix

B) :

Species Group 1 - The 14 species in this group were most important in

Station 56, Station Group G. The two most important species at Station 56
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Dendrogram  produced by cluster analysis using untransformed density data (no. of individuals/mz).
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TABLE IIIa

STATION GROUPS FORMED BY CLUSTER ANALYSIS
AND UNTMNSFORMED DENSITY DATA (NUMBER OF

OF 2n-TRANSFORMED
INDIVIDUALS/M2)

Station Group Stations

A’
All

B

c

D

E

F

G

H

I

J

A’1

A“l

c1

D1

El

F1

G1

H1

11

J1

TRANSFORMED

1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13

Nl, N5

16, 17, 18, 22, 23, 24, 69, 70, 71, 72, 75

49, 51, 73

14, 15, 19, 20, 21, 25

26, 27

54, 55, 74

56

48, 50 52

31

38, 40, 65

UNTRANSFORMED

1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 15, 16,
17, 18, 22, 23, 24, 69, 70, 71, 72, 75

Nl, N5

49, 51, 73

13, 14, 19, 20, 21, 25

26, 27

54, 55, 74

56

48, 50, 52

31

38, 40, 65

32



TABLE IIIb

COMPARISON OF STATION GROUPS FORMED BY
UNTRANSFORMED N Zn-TRANSFORMED

CLUSTER
DENSITY

ANALYSIS
DATA

OF

N1
N5
1
2
3
4
5
7
8
9

10
11
12
15
16
17
18
22
23
24
69
70
71
72
75

49
51
73
13
14
19
20
21
25
26
27
54
55
74
56
48
50
52
31
38
40
65

A,t~ Aft
Attl Atf
A’1 A’
A’1 A’
A’1 A’
A’1 A’
A’1 Al
Afl A’
All A’
A’1 A’
A’1 Ar
A’1 At
A’1 A’
A’1 D
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A’1 B
A1l B

c1 c
c1 c
c1 c
D1 A1
D1 D
D1 D
D1 D
D1 D
D1 D
El E
El E
F1 F
F1 F
F1 F
G1 G
H1 H
H1 H
H1 H
11 I
Jl J
J1 J
J1 J
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Figure 3a. Station groups formed by a cluster analysis of un-
transformed density data (number of individuals/m2).
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Figure 4. Species groups formed by an inverse cluster analysis in Zn-transformed  density data.
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TABLE IV

SPECIES GROUPS FORMED BY INVERSE CLUSTER ANALYSIS BASED ON DENSITY
Feeding type and motility from Haflinger (1978); Fauchald

and .Jumars (1979); Feder and Matheke (1979, 1980);
and Feder at al. (1980b).

Group Number Species Name Feeding Typel Motility Type2

1 Qposgllis alternata
Ophelia Zimacina
Rhodine gracilior
Golfingia margaritaeea
Pontopoz&a femo~ata
Photis spasskii
Areteobea antieostiensis
Eudorellopsis  -integra
Astmte borealis
Tadnjrhynehus  erosus
AntinoeZla sarsi
Chionoecetes opilio
Nephtys ricke-ttsi
Natiea elausa

Cistienides granulata
Bahnus crenatus
Harmothoe imbrieata
Diastylis bidentata
Melita dentata
Nephtys ciliata
T-iron bioeulata

Polgdora soe{alis
Lioeyma Sp.
Synidotea bieuspida
Cahnus plwnehxus
Metridia Zueens

YoZdia myalis
Melita quadrispinosa
Pagurus trigonoeheirus

Amph.mete finmarehica
Anonyx Zaticoxa
Amphurete acutif~ons
Diplodonta  aleutica
CapiteZla capitata
Chone eincta

Pholoe minutia
Glgeinde picta
PraxiZZaZZa  praetemissa
Eudorellopsis  deformis
paraphoxus robustus
Corophim e~assicornis
Byblis gaimardi

P
DF
DF
DF
SF
DF
P/s
DF/S
SF
sjP
DF/P
s/P
DF/P
P

DF
SF
s
DF
DF
DF/P
u

DF
SF
s
SF
SF

DF
DF
s/P

DF
s
DF
SF/DF
DF
SF

s/P
DF/P
DF
DF
SF
SF
SF

M
M
SE
SE
SE/DM
M
M
M
DM
M
M
M
M
M

M
SE
M
M
M
M
M

DM
SE
M
M
M

M
M
M

s
M
SE
SE/DM
M
DM

M
M
SE
M
M
SE
DM
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TABLE IV

CONTINUEI)

Group Number Species Name Feeding Typel Motility Type2

6 Anonyx nugax
BawantoZ2a amer{coxa
Harpinia gurjanovae
HapZoseolopZos  ehngatus
EudorelZu pacifica

7 Mgsella tumida

8 Nephtys eaeca
Bathymedon nanseni

9 Sohu+ella obscura
CampyZaspis umbensis
Nephtys longosetosa
Westwoodilla  eaecula

10 Cyclocardiasp.
Ammod9tes hexapterus

U %=oloplos armiger
CycZocxzrdia  erebrieostata
Spio fizicornis
Anonyx sarsi
Onuphis iridescent
Ana{tides groenkndica
Travisia pupa

Protomedeia  fasciata
Protomedeia chaelata

A~ic&iea minutia
PZeurogonium spinosissmum
Dias-tylis alaskensis

Asabellides sibi~ica
Alcyonidim discifome
Owenia fusiformis

Spiophanes bombyx
Echinuxachnius  pama
Cylichna alba
Machaironyx  muellepi

Buccinum sp.
Neptunea Zyrata

PoZinices pullidus
Diamphiodia  SP.

Mediomastus  capensis
Pleurogonizon rubicundum
Prionospio cirrifera

Eusgllis blomstrandi
Paroediceros lynceus
Euchone analis

;F
SF
DF
DF

M
M
M
M
M

SF/DF SE

DF/P
DF/S

M
M

s/P
DF
DF/P
DF/ S

M
M
M
M

SF
P/s

SE
M

DF
SF
DF
s
DF
P/DF
DF

M
SE
DM
M
SE/DM
14
M

M
M

12

13

DF
DF

DF
S/DF
DF

M
M
M

DF
SF
SF/DF

SE
SE
M

14

DM
M
M
M

15 DF
DF
P
DF/ S

P
P

M
M

16

17

18

P
DF

M
M

DF
S/DF
DF

M
M
DM

P
s
SF

M
M
DM

19

40



TABLE IV

CONTINUED

Group Number Species Name Feeding Typel Motility Type2

22

23

24

25

26

27

20 DPiblePeis film
Laon.ice cimatu
Anai-tides mueosa

21 Gattyana eiliata
O@sa esch.richti
Flabelligera  mastigophora
Chaetozone setosa
Pista cristata
Gattyana oirrosa
Oenopota exeurvata
Nicippe tunrida
Ampelisea furcigera
Diastyl{s paxaspinulosa
Aphrodita negligens
Amphicteis gunner-i
Odontogena borealis
Onuphis conchylega
Eudorella dentata
Onuphis sp.
Amphictene moorei
Pista elongata
Gattyana treadwelli
Onuphis geophilifozmis

Pista brevibranchiata
Hemilamprops pectinata

Spioehaetopterus  tgpicus
Psephidia Zordi
Urothoe Sp.

Nephtys assimilis
Yoldia hyperborea
Hesperone complanata
Artaama eonifera

Tenonia kitsapensis
MaZdane sarsi

Prionospio steenstrupi
Clinocardim ciliatum
Nemidia tamarae

Arcteobea spinelytris
Calanus phunch.rus
Laonome kxoyeri
Maeoma brota
Magelona pacifica

DF
DF
P/DF

s
u
DF
DF
DF
s
P
SF
SF
DF
DF
DF
SF/DF
DF
DF
DF
DF
DF
s
DF

DF
DF

SF
SF
SF

DF/P
DF
s
DF

SIP
DF

DF
SF
s/P

s/P
SF
s/P
DF
DF

M
DM
M

M
u
M
DM
SE
M
M
M
SE/DM
M
M
SE
SE
M
M
M/SE/DM
M
SE
M
SE/DM

s
M

SE
SE/DM
M

M
M
M
DM

M
SE

DM
M
M

M
M
M
SE
M
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TABLE IV

CONTINUED

Group Number Species Name Feeding Typel Motility Type2

30

31

32

33

34

27 JJeoZeprea spiralis
Yoldia amygdalea
Yoldia thraciaefozmis

28 Axinopsida serrieata
lhothoe denticulata

29 Lysippe Zabiata
Mel<nna cristata
Retusa obtusa
Myriochele heeri
Leucon nasica
Mysella aleutica

Hete~omastus  filifozmis
MaZdane glebdfex
Diamphiodia  craterodneta
Ophiura samsi
Nephtys punctata
Priapulus eaudatus
Chaetoderma robusta
Thyasira flexosa
Paraphacus oculatus

Brada villosa
Macoma cakzrea
Aricidea lopezi
Tauberia gracilis
Nucukna pemula
Eteone Zonga
ScaZibregma  inflatm
TerebeZZides stroemi

Spiochaetopterus costarzun
Eudo~eZZopsis  uschakovi
Praxillella  gracilis
Euekme Zongifissurata
Apistobmnchus tullbergi
Ctenodiscus  crispatus
ThuP9z secundus
Ax<othella cantenata
PotamilZa neglects

Lioeyma fluctuo~a
Harpinia kobjakovae
Drilonereis falcata minor
Eudorella emarginata
Travisia forbesii
Axinopsida viridis

Nucula tenuis

DF
DF
DF

SF/DF
SF

DF
DF
P
DF
DF
SF/DF

DF
DF
DF
DF/P
DF/P
P
DF/P
SF/DF
SF

DF
DF
DF
DF
DF
P
DF
DF

SF/DF
DF
DF
SF/DF
DF
DF
DF
DF
SF

SF
SF
DF
DF
DF
SF/DF

DF

DM
M
M

SE
M

SE
SE
M
SE
M
SE

M
SE
M
M
M
M
M
SE
M

DM
SE
M
M
M
M
M
SE

SE
M
SE
DM
DM
M
DM
SE
SE

SE
M
M
M
M
SE

M



TABLE IV

CONTINUED

Group Number Species Name Feeding Typel Motility Type2

35

36

37

38

39

40

41

42

h%ieuhna fossa

Sezwipes groenland-icus
Sokrie ZZa vczrieosa
Sternaspis  scutiata
Cucumaria sp.

Chune infundibuliformis

Heteromastus  giganteus
Eehiurus ec+hiur-us alaskanus
Argis Zar
Etiethonius  hunteti

Ammotrypane aulogaster
Lepeta caeea
Fwitriton oregonensis

Ampelisca Mrulai
Ampelisea eschrichti
Ampelisca macroeephala

Hiatella arctica

Mzj~iochele oculata

DF

SF
s/P
DF
DF

SF

DF
DF
s/P
SF

DF
SF
P

SF
SF
SF

SF

DF

M

SE
M
M
SE

DM

M
DM
M
DM

M
M
M

DM
DM
DM

SE

SE

lFeeding types: P = predator, S = scavenger, DF = detrital  feeder, SF =
suspension feeder, U = unknown

2Motility types: M = motile, DM = discretely motile, SE = sessile, U =
unknown



TABLE V

STATION GROUP/SPECIES GROUP COINCIDENCE TABLE SIIOWING
AVERAGE CELL DENSITIES OF GROUPS FORNED BY A

CLUSTER ANALYSIS OF TRANSFORMED
D8NSITY DATA

Taxon Groups A’ All B c D E F G H I J

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

o* 7
0.1
0.1

::!
6.4
2.2
0.7
0.2
0.9
0.4
0.0
0.1

36.1
1.1
0.1
0.5
0.5
1.4
0.7
2.0
0.6
1.1
0.2
0.8
0.6
1.0

70.8
11.1
48.7
6.4
5.1
7.2
5.3
0.5
3.2
0.2
0.0
0.3
1.7
0.0

20.5

2.0
6.8
0.2
5.2
6.1

16.4
0.0
0.6
0.9
0.0
0.0
0.0
0.4
2.3
0.9
0.0
0.0
0.3
1.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
1.0

12.6
8.9
6.9
0.2
6.2
0.0
8.1
0.0

46.2
0.0
3.0
0.0

213.2

0.3
0.1,
0.1
0.1
0.6
3.8
0.6
1.2
0.0
0.0
0.4
0.0
0.0
3.4
0.7
0.4
0.2
0.1
0.0
0.2
0.1
0.1
0.1
0.1
0.3
0.2
1.7

52.6
12.0
53.3
2.4
3.7
4.1

10.6
0.9
0.8
0.0
0.0
0.1
0.7
0.2

12.6

0.3
0.2
0.0
0.0
0.1
3.4
0.0

13.0
0.2
0.0
0.2
0.0
0.0
0.0
1.2
0.0
1.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.7
0.6
4.7
4.8
5.3
0.6
0.0
2.2

122.0
75.3
35.5
0.0
0.0
0.0
0.0
0.0

20.7

0.2
0.0
0.1
0.0
0.9
7.4
0.0
0.0

:::
0.1
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.7
1.2
1.3
0.1
1.0
1.4
7.3
5.2
0.0
0.8
28.7
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.3

0.4
0.0
0.0
0.0
2.0

79.5
0.0
1.0
0.0
0.0
0.1

41.0
0.0
0.0
4.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.8
6.5
0.8
7.3

13.8
0.1
1.0

499.0
24.0
1.8
0.0
0.2
0.0
0.0
0.0
0.0

3.6
1.8
1.9
0.4
1.3

41.5
36.o
4.7
1.3
0.O
6.2
0.0
0.2
1.1

15.0
0.0
0.0
0.0
0.0
0.2
0.1
0.0
0.0
0.0
0.0
0.7
0.1
0.0
0.3

11.8
3.5
0.0
0.0
2.7
0.0
3.2
0.0
0.0
0.0

15.8
0.0
2.7

5.5
33.8
0.0
0.0
0.6
4.7
0.0
0.0
0.0
0.0
0.5
0.0
0.0

31.1
0.0
0.0
0.0
3.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.3
2.1
0.0
0.6
0.0
0.0
0.8
0.0
0.0
0.0
0.0

820.0
0.0

2.9
1.2
0.0
0.0
0.4
8.3
0.0
1.0
3.0
0.3
2.6
0.7
0.0
4.2

57.2
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.7
0.8
6.6
1.2
0.2
0.1

81.3
5.3
6.o
4.7
0.2
0.0
9.6
0.0

0.5
0.0
0.0
0.0
0.0

29.2
6.7
1.7
0.0
l.?

10.0
21.7
6.7

371.1
136.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.1
0.4
0.0
2.8
3.3
0.8
0.0
0.0

83.3
0.0
0.0
0.0
0.0
0.0

4.8
0.9
0.0
3.3

23.7
115.1
250.0

0.0
0.0
2.3

20.2
1.0
0.0
1.1
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0;3
0.0
0.0
1.7
0.0
6.8
1.3
0.1
2.2

18.7
0.0
0.8
0.0
0.8
0.2

1.1 6740.0
0.0 0.0

1476.7 25,053.0 2.7



were the sipunculid Golfhgia margaritacea and the polychaete  Ophelia lima-

&na, which occurred in densities of 33 and 20 individuals/m2, respectively.

This species group was also important in Station Groups F and J.

Species Group 2 - The species in this group were most important in

Station Group G. The polychaete Cistenides gram.ulata and the barnacle Bala-

nus crenatus dominated species density.

Species Group 5 - The species in this group were most important in

Station Groups A’, A“, and J. The polychaetes  Ampharete  finnmarchica, A.

aeutifmns, and Chone cincta dominated species density in this species group.

Species Group 6 - Species in Species Group 6 were most important in

Station Groups A“, E, F, I, and J. Four species typically dominated in

density: the amphipod Harpinia gmjanovae, the polychaetes HapZoseoZoplos

elongatus and Pholoe minuta and the cumacean Eudorella paeifica.

Species Group 14 - This species group was most important in Station

Group 1. The polychaete AsabeZZides sibirica dominated in density (590

individuals/m2) at Station Group I. This species group was also important

at Station Groups A’ and G.

Species Group 15 - These species were most important in Station Groups

H and I. The echinoid Echinarachnius parma and the polychaete Spiophanes

bombyx dominated the density of this species group, specifically at Station

Group H.

Species Group 21 - These species were

A’ , and specifically at Stations 3, 4, and

setosa and Pista eristatia, and the bivalve

important in density.

most important in Station Group

5. Two polychaetes, Chaetomne

Odontogena borealis were most

Species Group 24 - Species in this group were most important in Station

Group D. The protobranch clam Yoldia hyperborea had its highest density

(16 individuals/m2) at Station 20 in this station group.

Species Group 28 - The two species in this group were most important

in Station Groups A’ and B. The clam Axinopsida serricata dominated the

species group, with 115 and 88 individuals/m2 found at these two station

groups, respectively.



Species Group 29 - These species were most important in Stations Groups

A’ and B. The gastropod Re-tusa obtusa and the polychaete MyriocheZe heeti

were the dominant species in this species group.

Species Group 30 - This species group was most important in Station

Groups A’ and B. Important species, in terms of density, were the poly-

chaete Heteromastus f{l{fomris  and the ophiuroid Ophiu.ra sursi.

Species Group 31 - The eight species in this group were most important

in Station Groups A’ and E. Station 27, in Station

of the species in Species Group 31. One or more of

in all other stations in the other station groups.

v~ZZosa appeared to be the most dominant species at

Group E, contained all

the species were absent

The polychaete  Bra&

these two station groups.

This species group was also important in Station Groups A’ and D.

Species Group 32 - Species in this species group were most important in

Station Groups A?, A“, and B. Station 16 in Station Group B contained all of

the species in Species Group 32. All but two (EudoreZZopsis useh.akov; and

Ctenodiscus cr-bpatus) of the species in this group were polychaetes.

Species Group 33 - These species were most important in Station Groups

A’ and B. Stations 4 and 5 of Station Group A’ contained high densities of

this species group. The polychaete Travisia fo~besi< had a high density of

92 individuals/m2  at Station 4.

Species Group 34 - The protobranch clam NucuZa tienuis, the only member

of this species groups was most important at Station Groups C, E, H, and I.

The highest density occurred at Station 27 (Station Group E), with 994

individuals /m2.

Species Group 35 - The protobranch clam Nucu2ana fossa, the only member

of this species group, was most important at Station Groups C and E. Sta-

tion 51 (Station Group C) contained a high density of 222 individuals/m2.

Species Group 36 - These species were most important at Station Group C.

Station 49 contained especially high densities of this species group. The

sea cucumber Cucwnatia sp. occurred in a density of 214 individuals/m2 at

this station.



Species Group 38 - These species were most important at Station Group A“,

specifically at Station N1. Two species dominated in density: the echiuroid

worm Echiurus echiurus akskanus and the amphipod Ericthonius hunteri occurred

at Station N1 in densities of 165 and 168 individuals/m2, respectively.

Species Group 40 - These species were important at Station Group J.

Three amphipod species of the same genus (AmpeZ&ea) occurred in this group.

The amphipod AmpeZisea maerocephah was the most common species present,
*

with 14,408 individuals/m~ found at Station 65.

Species Group 41 - The clam H{ateZZa axctica, the only member

species group, was most important at Station Group G (Station 56),

high density of 820 individuals/m2 found here.

Species Group 42 - The polychaete MytiocheZe ocuZata was most

of this

with a

important

at Station Groups A“, H, and I. The highest density occurred at Station 31

(Station Group 1), with 25,053 individuals/m2  found there.

A summary of the major station groups follows (refer to Figs. 2a and

2b, Table V, and the dominance-diversity curves in Appendix B).

When Group A in the Navarin Basin lease area (delineated at the 23.5%

similarity level: Fig. 2a, transformed density data) was located on a map,

it was apparent that Stations N1 and N5 of this station group were located

approximately 1000 km north of the other stations in Group A. Furthermore,

examination of the species groups within Station Group A revealed that sta-

tions N1 and N5 were distinct, in terms of species densities, from the

other Group A stations. Thus, subdivision of Group A into Station Groups

A’ and A“ was made at the 26% similarity level. When untransformed data

(information that increases the importance of dominant species to the simi-

larity coefficients) were utilized in the cluster analysis, Stations N1

and N5 (Station Group A“l) were well-separated from the stations in the

Navarin Basin group (Station Group A’1) (Fig. 2b; Tables IIIa, b).

Station Group A’ - This station group contained 132 species and was

composed primarily of species in Species Groups 14, 28, 29, 30, and 42; mem-

bers of Species Groups 5, 6, 31, 32, 33, 34, and 36 were also common, but

to a lesser extent. At least small numbers of individuals of species in most
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of the species groups were present in this station group. Species that were

found in all 12 stations in Station Group A’ were HapZoSCOZOpZOS  eZongatus,

Axinopsidu serrieata, Heteromastus fiZiformis, Nepht.ye pmtata, and l?r@xAZus

cauhtus. The species dominant in density was k?e+ero??uzstus  fiz<formis, and

the species dominant in biomass was Ctenodisous crispatus.

Station Group A“ - This station group was characterized by species in

Species Groups 6, 30$ 38, and 42. Species Groups 2, 4, 5, 31, 32, 34, and

36 were also important, but to a lesser extent. Species dominating by

numbers in this station group were MytiocheZe ocuZata, HapZoscoZopZos eZon-

gatus, Er-icthonius  hunter-i , and Diamphiodia erateroheta, in decreasing order

of density. The dominant species, in terms of biomass, were Arg{s ZaP

and Echiurus echiurus aZaskanus.

Station Group B - The fauna in this station group was composed of

species mainly in Species Groups 28, 29, 30, 34, and 42. Species Groups

6, 14, 32, and 33 were of lesser importance. Species in common at all sta-

tions in Station Group B were tinops~~ serricata and Heteromastus fiZi-

form-is . The leading species, in terms of density, were H. f<zifoz???is,

Ophiuxa smsi, MaZdane gZebifex, Axinopsida serticata, Diomphiodia crate-

rocheta, and F&&zpulus caudatus. Five of these six species (all but A.

servieata) were members of Species Group 30. The leading species, in terms

of biomass, were O. samsi, M. gZebifex,  and Ctenodiseus ez%spatus.

Station Group C - This group was characterized by species in Species

Groups 8, 34, 35, 36, and 42. Species groups 6, 28, 29, and 30 were of

lesser importance. The dominant species in this group, in terms of density,

were NueuZa tenuis, NucuZana fossa, Cueumaria sp., Sternaspis seutata= and

Sertipes groenZandicus. The latter three species, dominant in biomass,

were members of Species Group 36.

Station Group D - This group was characterized by species in Species

Group 34, with Species Groups 6, 30, and 31 of lesser importance. Species

in common with all stations in Station Group D were BarantoZb  amer&xzna,

Nephtys punctata, and Macoma caZcarea. The species in this group dominant

in density and biomass, were the polychaete B. czmerieana and the clam

Maeoma eaZcarea, respectively.



Station Group E - This group was characterized by Species Groups 6, 12,

31, 34, and 35. Species Groups 15, 28, and 30 were of lesser importance.

The dominant species in this group, in terms of density and biomass, were

the polychaete  Haploscohplos  eZongatus and the clam NucuZa tenuis, respec-

tively.

Station Group F

Groups 6, 7, 11, 15,

importance. Species

- This group was characterized by species in Species

30, and 40. Species Groups 1, 8, and 11 were of lesser

dominating in density at this station group were Har-

pinia gur~anovae, PraxiZlelZu  praetermissa, Glycindk picta, HapZoseoloplos

elongatus=  and BarantolZa cnnerictzna, all members of Species Group 6. Echi-

narachnius pamna dominated in biomass.

Station Group G - This group was characterized by taxa in Species Groups

2, 14, and 41, with species groups 1, 6, 18, and 30 of lesser importance.

Species dominating in density in this group were HiatelZa arctica, Asabe21ides

sibirica, Balanus crenatus , and Cistenides gzwnulata, in decreasing order of

density. The species dominating in biomass were HiateZZa arctica and St~ongy-

Zocentrotus  droebachiensis.  ~

Station Group H - This group was characterized by Species Groups 15,

34, and 42, with Species Groups 6, 30, 36, and 40 of lesser importance. Taxa

dominating in density were MyriocheZe oculata, Echinaraehnius parma, and

iVucuZa tenuis. The species dominating in biomass was Mac?oma cakzrea.

Station Group I - This group was characterized by Species Groups 6, 11,

12, 14, 15, 34, and 42. Species Groups 7 and 13 were of lesser importance.

The dominant species in this group (Station 31) were MyriocheZe ocuZata,

AsabeZ2i&s sibiriea, A_Zcyonidiwn disciforwze, and Pholoe minuta, in decreasing

order of density. Foraminifera were also very important, occurring at a den-

sity of 3,753 individuals/m2. The species dominating in biomass was AZcyoni-

dium discifozwze.

Station Group J - This group was characterized by Species Groups 1,

5, 6, 7, 11, 34, and 40. Species Groups 1 and 30 were of lesser importance.

Species dominating in this group were AmpeZisca mac~ocephaZa, A. biruZai,

lSpecimens originally listed in the data printouts as unidentified Echinoidea
were determined as StrongyZocentrotus droebachiensis  after all data were
analyzed.



A. eschtiehti,  and Myawlla -tun&ih, in decreasing order of density. Ampe-

Zisca macroeephati  also dominated the biomass.

A principal coordinate analysis using the Czekanowski coefficient

with transformed density data (Fig. 5) revealed station groupings similar

to those produced by cluster analysis (Fig. 2a). The greatest amount of

group separation was attributed to Axis 1 (25.2%; Table VI). The amount

of separation attributed to Axes 2 and 3 was 16.2% and 10.8%, respectively.

Groups distinctly separated in Figure 5a were A“, D, and G. Station groups

that showed the least separation in Figure 5a were A’ and B. Stations 73

and 74, which clustered with Station Groups C and F, respectively (Fig. 2),

but were spatially separated from these groups by approximately 1,000 km

(Fig. 3a), also grouped with Station Groups C and F in the principal coordi-

nate analysis (Fig. 5).

Numerical Analysis: Untransformed Density Data

A normal cluster analysis of untransformed abundance data produced ten

station groups at the 22% similarity level (Fig. 2b; Table IIIa, b). One

major group, identified as Station Group A’1 , consisted primarily of stations

deeper than 100 m within and adjacent to the Navarin Basin and Zhemchug

Basin lease areas. This station group (A’1) originally consisted of two

station groups (A? and B) that were identified by the log-transformed data

analysis, indicating a general similarity between these two station groups.

The dominant species linking these two groups were Asinopsida serfieata,

Heteromastus filifomis, and klyr-ioehele  oculata. The other large group,

identified as Group Dl, consisted primarily of stations close to or shallower

than 100 m, northeast of the Navarin Basin lease area. Group A’tl consisted

of two stations adjacent to Cape Nome. The other station groups are identi-

cal to those delineated in the log-transformed cluster analysis (Figs. 2a

and 3a).

Motility and Trophic Structure

The percent frequency of occurrences of motility and feeding classes

in station groups formed by cluster analysis of transformed density data

are presented in Table VII. The most frequent motility class in each station
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group was of individuals that were motile. The percentage of motile indivi-

duals smong station groups ranged from 55% (Group J) to 76% (Group C). Ses-

sile and discretely motile organisms ranked second and third, respectively,

in terms of percent frequency of occurrence. Deposit-feeding organisms

dominated the feeding classes in all station groups, ranging from 51% (Group

F) to 6&L (Group D). Suspension feeders and predators were nearly equal at

most station groups. Most station groups were composed of less than 12%

scavengers.

Density, Biomass, and Diversity

Density, biomass, and diversity data arranged according to station

groups delineated by cluster analysis of transformed density data are pre-

sented in Table VIII. Density values ranged from 148 individuals/m2 at

Station 21 (Station Group D) to 32,023 individuals/m2  at Station 31 (Station

Group I). The station groups with the lowest and highest mean density were

Station Groups D and I, respectively (Table IX). Biomass values ranged from

14.2 g/m2 at Station 71 (Station Group B) to 649.4 g/m2 at Station 38

TABLE VI

AMOUNT OF BETWEEN-STATION-GROUP SEPARATION OF THE THREE
DOMINANT AXES IN THE PRINCIPAL COORDINATE ANALYSIS

oF ZYZ-TWSFOmD DENSITy  DATA

Percent Separation Cumulative
Axis of Station Groups percent

1 25.2 25.2

2 16.2 41.4

3 10.8 52.2
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TABLE VII

DISTRIBUTION OF MOTILITY AND FEEDING CLASSES IN STATION GROUPS FORMED BY CLUSTER ANALYSIS OF
Zn-TRANSFORMED  DENSITY DATA

N = number of species occurring in a station group, SE = sessile,  DM = discretely motile,
M = motile, DF = deposit feeder$ SF = suspension feeder, P = predator,

s = scavenger, U = unknown

Motility Class %* Feeding Class %*
Station
Group M DM SE u DF SF P s u

Al (N = 132) 60 15 24 1 57 20 13 9 1

All (N = 63) 65 14 21 0 56 16 13 14 1

Cn B (N = 101) 60 12 28 0 61 17 16 6 0

CJ C (N = 49) 76 4 20 0 53 17 22 8 0

D (N = 48) 67 7 26 0 64 11 19 6 0

E (N = 44) 75 6 19 0 63 12 20 5 0

F (N = 81) 63 15 22 0 51 19 17 12 1

G (N = 33) 70 3 27 0 57 15 17 8 3

H (N = 65) 63 11 26 0 55 20 16 9 0

I (N = 38) 66 8 26 0 55 20 18 7 0

J (N = 72) 55 15 30 0 55 26 11 8 0

*Percentages based on the number of each species occurring in the station group.



TABLE VIII

DENSITY, BIOMASS , AND DIVBR81TY OF INDIVIDUAL BENTHIC  SAMPLING STATIONS
Stations are arranged according to the station groups delineated by a

cluster analysis of transformed density data

Station Density Biomass No. of Simpson Shannon Brillouin Species
Group Number (No/m2) (g/mz) Taxe Diversity Diversity Diversity Evenness Richnese

A’ 1
2
3
4
5
7
8
9

10
11
12
13

A“ N1
N5

B 16
17
18
22
23
24
69
70
71
72
75

c 49
51
73

D 14
15
19
20
21
25

E 26
27

F 54
55
74

G 56
H 48

50
52

I 31
J 38

40
65

.400
1666
3604
2336
2266
2192
2592
1570
868

2186
1596
1086
2528
958

1954
1950
1618
1702
1826
1348
1784
1718
1018
1006
782
958
796
720
246
890

1152
424
148
870

1352
3036
3008
9646
1524
1933
4332
1842
2150

32023
15664
9542

21014

118.3
239. i’
75.1
84.4

101.6
131.4
94.4

122.4
27.2

144.4
173.2
21.8

158.7
466.4
90.7

167.3
46.3

215.9
130.3
92.4

122.6
3S5.8
14.2

325.9
62.9

592.0
68.4
47.6
34.0

156.8
157.0
120.6
20.8
77.5
32.5

266.4
431..6
231.3
24.5

634.6
112.2
46.7
35.9

145.0
649.4
485.2
376.4

38
60
73
85
82
62
56
44
40
62
50
39
53
48
54
41
53
36
45
39
45
48
29
32
34
35
26
24
15
32
39
22
11
20
26
45
42
74
30
43
47
39
46
36
62
52
30

0.05
0.08
0.11
0.09
0.14
0.08
0.18
0.29
0.06
0.08
0.08
0.07
0.08
0.05
0.10
0.17
0.08
0.16
0.08
0.06
0.13
0.17
0.26
0.19
0.10
0.10
0.24
0.14
0.09
0.07
0.09
0.27
0.30
0.19
0.40
0.19
0.09
0.04
0.13
0.30
0.61
0.42
0.18
0.68
0.19
0.23
0.45

3.27
3.12
2.96
3.17
2.86
3.05
2.55
2.23
3.18
3.20
3.05
3.04
2.99
3.33
2.95
2.41
3.08
2.51
2.94
3.02
2.73
2.52
2.00
2.33
2.72
2.68
2.00
2.44
2.48
2.96
2.85
1.93
1.61
2.19
1.53
2.35
2.86
3.47
2.42
2.17
1.15
1.59
2.26
0.90
2.21
2.13
1.04

2.94
3.00
2.90
3.08
2.78
2.96
2.49
2.15
3.03
3.10
2.97
2.87
2.93
3.17
2.88
2.34
2.95
2.42
2.84
2.91
2.67
2.45
1.93
2.23
2.59
2.55
1.92
2.35
2.21
2.79
2.75
1.83
1.44
2.00
1.48
2.31
2.75
3.40
2.32
2.12
1,13
1.54
2.20
0.89
2.20
2.12
1.04

0.90
0.76
0.69
0.71
0.65
0.74
0.63
0.58
0.86
0.77
0.78
0.83
0.75
0.86
0.74
0,65
0.77
0.70
0.77
0.82
0.72
0.65
0.59
0.67
0.77
0.75
0.61
0.77
0.92
0.85
0.78
0.62
0.66
0.72
0.46
0.62
0.76
0.81
0.71
0.57
0.30
0.43
0.59
0.25
0.53
0.54
0.31

7.26
8.70
9.23

11.26
1o.77
8.53
7.38
6.25
6.30
8.58
6.90
6.41
7.00
7.45
7.27
5.75
7.87
5.23
6.52
5.88
6.08
6.65
4.30
4.95
5.41
5.62
3.98
3.74
3.21
5.43
5.78
3.54
2.23
3.77
3.62
5.58
6.32
9.49
4.65
5.73
5.60
5.14
6.10
3.67
6.48
5.76
3.00
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(Station Group J). The station group with the lowest and highest mean

biomass were Station Groups H and G, respectively. The Shannon diversity

ranged from 0.90 (Station 31:Station Group I) to 3.47 (Station 55:Station Group

F) while the Brillouin  diversity ranged from 0.89 at Station 31 to 3.40 at

Station 55. Simpson diversity (a dominance index) ranged from 0.04 at Station

55 (74 taxa present) to 0.68 at Station 31 (36 taxa present). Brillouin

evenness ranged from 0.25 at Station 31 (Station Group I) to 0.92 at Station

14 (Station Group D). Species richness ranged from 2.23 at Station 21 (Sta-

tion Group D) to 11.26 at Station 4 (Station Group A’).

VII . DISCUSSION

Biologically Important Taxa (BIT)

One hundred and twenty eight (128) taxa were delineated as BIT, with

62 important in terms of biomass at one or more stations. Since some of

these taxa are distributed throughout the study area or are common within

specific station groups$ they probably have great influence on trophic and

TABLE IX

MEAN DENSITY AND BIOMASS VALUES FOR ALL STATION GROUPS
DETERMINED BY CLUSTER ANALYSIS OF h-TIUNSFORMED

DENSITY DATA

Station Group Density (No/m2) Biomass (g/m2)

A’
A,,

B
c
D
E
F
G
H
I
J

1,864.
1,743.
1,519.

825.
622.

2,194.
4,726.
1,933.
2,775.

32,023.
15,407.

111.2
312.6
129.5
236.0
94.4

149.4
229.1
634.6
64.9

145.0
503.7
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other interactions in their particular localities. Many of these taxa

should have value as monitoring organisms if any of the lease areas are

developed into producing oil fields.

Numerical Analysis

The numerical analysis of transformed abundance data delineated 11

station groups on or near four potential petroleum lease areas (Navarin

Basin, Zhemchug Basin, St. Matthew Basin, and Hope Basin) and within the

Chirikov Basin (Figs. 2a and 3a).

Three station groups (Station Groups B, C, and F) contained stations

which were spatially disjunct (i.e., well separated geographically) (Fig.

3a) . Station Group B consisted of two station clusters, one in the Navarin

Basin lease area and the other in the Zhemchug Basin lease area. Although

the six density-dominating species (Hatepomastus  f<lif’o~s, Ophiura saz%%,

MaZdane glebifex,  Axinopsida serricata,  Dimnphiodia eraterodmeta, and

Friapulus caudatus) in Station Group B occurred in both clusters, only O.

sarsi and A. serricata dominated those stations in the Zhemchug Basin lease

area, while the remaining four species dominated in the Navarin Basin lease

area (data summary submitted to NODC). Separation of these two station

clusters in Station Group B was not evident in the principal coordinate

analysis.

Station Group C consisted of three stations, one of which (Station 73)

was located approximately 1000 km south of the other two members of the

group (Figs. 2a and 3a). All three stations were linked primarily by

Nueula tenuis (Station Group 34) and, to a lesser extent, by Sternapsis

seutata (Species Group 36). Station 73, located in deeper water than Sta-

tions 49 and 51, was characterized by (1) a larger number of NueuZa tenuis

and Sternaspis seutata than occurred at Stations 49 and 51, and (2) by the

absence of Nucu2ana fossa (Species Group 35), Cucwnaia SP., ancl sezw%~eS

groenhndieus (both in Species Group 36). This separation of Station 73

from the other two stations in Group C is also apparent in the principal

coordinate analysis (Fig. 5). Station 49 was the only station of the sta-

tion group that contained all five of the density-dominating species (N.



tenuis, Y. fossa, Cucnumzria 9P. , S. scutata , and S. green Z.andieus) of Sta-

tion Group C. Station 51 contained high densities of N. tenuis and N. fossa.

Station Group F also consisted of three stations, one of which (Station

74) was located approximately 1000 km south of the other two members of the

group (Figs. 2a and 3a). The three stations in the group were linked by

Pholoe minuta, Glycinh picta, Pr&lZeZla praetemissa, Harpinia gur~a-

novae, Hap20scoZop20s ebngatus (all in Species Group 6) and Spiophunes

bombyx (Species Group 15). Stations 54 and 55, but not Station 74, were

linked by l?estuoodilla eaeeula (Species Group 9) and Cyc20card_ia  sp. (Spe-

cies Group 10). In addition, Station 74 was differentiated by the much

lower density values (1524 individuals/m2) , one-third to one-sixth those of

Stations 54 (3008 individuals/m2) and 55 (9646 individuals/m2), respectively.

Furthermore, biomass estimates for Station 74 (24.5 g/m2) were roughly six

percent and ten percent of those at Stations 54 (431.6 g/m2) and 55

(231.3 g/m2), respectively. Among the six species (Hca=p{n{a gurjanovae,

Praxillella  praeterrrissa,  Glycinde picta, Haploscoloplos  elongatus, BaPan-

toZZa americanu,  and Paraphoxus oculatus)  that dominated in Group F, only

two (B. americana and P. ocula~us) did not occur at all three stations.

When the principal coordinate analysis was examined, Station 74 was not

obviously separated from the other two stations in Station Group F (Fig. 5),

reaffirming the similarity of the stations in the group despite the consider-

able geographical separation of Station 74.

The Navarin Basin lease area consisted of three distinct station groups,

A’, B, and D. Most of the stations in Groups A’ and B were located at depths

between 100 m and 200 m. Similarities between the latter two groups exist

in the importance of five dominant species groups (6, 28, 29, 30, 32) and

in the dominance of three species: Heteromastus filifods, Axinopsidu

semicata, and Ophiura sarsi (Figs. 1 and 5; Table V; Appendix B). The only

station (Station 13) in Station Groups A’ and B with few individuals of the

above three species occurred in the relatively shallow water adjacent to St.

Matthew Island; Station

the cluster analysis of

low affinity with Group

similarity of Groups A’

13 was the last station to join Station Group A’ in

transformed density data (Fig. 2a), indicating its

A’ . The principal coordinate analysis revealed the

and B: little separation between these groups was
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apparent (Fig. 5). Reduced numbers of species (in either of the station

groups) in Species Groups 5, 6, 7, 14, 19, 21, 23, 31, 33, 34, 36, and 42

distinguished Station Group B from Group A?.

Three (Stations 14, 19, and 20) of the six stations in Station Group D

were located in water depths between 80 and 90 m. This station group had

the lowest mean density (622 individuals/m2)  and second-lowest mean biomass

(94 g/m2) of all of the station groups (Table IX). Station Group Dwas well

separated from all of the other groups in the principal coordinate analysis

(Fig. 5).

Station Group E included two stations (Stations 26 and 27) in the

Matthew Basin lease area at water depths of 35 and 46 m, respectively.

St.

These

stations were dominated by the polychaete HapZosc?oZopZos elongatus, with

densities of 612 (at Station 26) and 418 (at Station 27) individuals/m2. No

other stations examined in the present survey contained such high densities

of H. ezongatus. Station 27 also contained the highest density, of all sta-

tions, of the protobranch  clam Nueuza tenu~s (994 individuals/m2). The

highest concentration of N. tenu?k elsewhere was at Station 50 in Station

Group H, adjacent to Kotzebue Sound, with 238 individuals/m2. Station 27

in Station Group E showed a close affinity with Station Groups C and D on

plots of the first and second axes and of the first and third axes of the

principal coordinate plot (Fig. 5a, b). Station 26 in Group E is consistently

separated from Station 27 on these plots, presumably the result of the high

density of N. tenuis at the latter station.

Station Group A“ consisted of two stations (Nl and N5, located close to

Cape Nome) that were in only 22 m of water. These stations were dominated

in density by the polychaetes Mytiochele  oeuZata (47 individuals/m2) and

HapZoscoZopZos eZongatus (72 individuals/m2)  and in biomass by the shrimp

d.rg~s h (17.6 g/m2) and the echiuroid Echiuxus echiwus aZaskanus (9.2 g/m2).

Station Group A“ was well-separated in the principal coordinate analyses from

all other station groups (Fig. 5), although it showed affinities to Station

Groups G (geographically close) and I (another shallow-water station group

dominated byM. oeuzaka).

Station Group G, represented by a single station (Station 56) located
in Bering Strait, was dominated by a suspension-feeding clam (HiateZZa



arctica), a deposit-feeding polychaete (Asabe2Z&ies sibirica), and a

suspension-feeding barnacle (Ba2anus erenaiw.s), with densities of 820, 93,

and 83 individuals/m2, respectively. No other stations approximated the

densities of these species. Biomass values at this station were dominated

by three species, two of which were also important in density: HiateZZa

a.rctica (265.8 g/m2), BaZanus czwurtus (22.8 g/m2), and StrongyZocent~otus

drwebaekiensisl  (22i.8 g/m2). In the principal coordinate analysis, Station

56 showed some affinity with the two Chukchi Sea stations of Group F (Sta-

tions 54 and 55) just north of the Bering Strait (Fig. 5). Both density

and biomass at Station 56 were relatively high, with estimates of 1933

individuals/m2 and 635 g/m2, respectively. Stoker (1981) also reported a

high biomass at stations in the region of the Bering Strait. He related

these high values to: (1) high productivity in spring, (2) an influx of

detrital carbon from the Yukon River (as well as Norton Sound; Feder, unpub.

data), and (3) the current structure in the vicinity of the Strait, such

that the velocity of the northward flow, with its contained detritus, is

greatly increased (data presented in this Final Report appear to reflect

this by the high abundance of the suspension-feeding clam HiateZZa and the

sea urchin StrongyZoeentrotus) and consequently transports much organic

carbon to either side of the strait.

The stations in Group H, consisting of three stations northeast of the

Bering Strait and along the Seward Peninsula, were dominated by the surface-

deposit-feeding polychaete Myz&mheZe oouZata and the suspension-feeding

sand dollar Eehinarachnius parma; tunicates also dominated at two of the

stations (Stations 48 and 52) of the group closest to the Bering Strait.

The surface-deposit-feeding (and probably also suspension-feeding) clam

Macoma caZcmea

of the stations

36 to 112 g/m2,

tions 48 and 52

in the plots of

dominated in biomass here. The mean density and biomass

in this group ranged from 1842 to 4332 individuals/m2 and

respectively. In the principal coordinate analysis, Sta-

of Station Group H were well separated from all other groups

the first

lListed in data sheets as
(see Results).

and second axes and of the first and third axes

Echinoida and identified after data were analyzed



(Fig. 5a, b). Station 50, the one station of the group located adjacent to

Kotzebue Sound and closest to Station Group C, is always separated from the

other two stations of Group H and shows affinities with Group C. The high

densities of the dominant species, both surface-deposit- and suspension-

feeders, presumably reflect the periodic availability of detrital materials

passing from the Bering Strait eastward along the Seward Peninsula (see

Discussion in Stoker, 1981).

Station Group I is represented by a single station (Station 31) located

just north of Etolin Strait (between the mainland and Nunivak Island). Sta-

tion 31 was dominated by l?oraminifera,  the deposit-feeding polychaetes

M&tochele oeulata and Asabe12ides  sibiriea, and the suspension-feeding

ectoproct (bryozoan) Alcyonidiwn dLsc<forme. The latter species dominated

in biomass. In the principal coordinate analysis, Group I is separated from

all other groups. The high density of 32,023 individuals/m2 at this station

is the highest observed at any station sampled in this investigation, and

is primarily the result of large numbers of the tube-dewelling  polychaete

M. oeulata. The water in Etolin Strait probably contains terrestrial detritus

derived from the Kuskokwim River in the summer; this material presumably

settles out on the bottom adjacent to Station 31 when current velocities are

reduced there. The highest Simpson Index (a dominance index that approaches

1.0 when few species occur at a station) was recorded at this station, with a

value of 0.68; the lowest Shannon Diversity Index, 0.90, also occurred here.

The species at Station 31 are dominated by organisms that appear to be adapted

to an environment where the bottom is periodically enriched by the influx of

allochthanous  carbon from the Kuskokwim River. The extremely high foramini-

feran density further suggests an enriched, but well oxygenated, bottom.

Station Group J, consisting of three stations north of St. Lawrence

Island (the Chirikov Basin) , was distinguished by the dominance of amphipods

in Species Groups 6 and 40. Within Station Group J, Station 65 (the station

in the group closest to St. Lawrence Island) was the most dissimilar station

in the group (Fig. 3a), due in part to the presence of over 14,000 AmpeZisea

mae~ocephahs  /m2 at that station. Also, at Station 65, the other two amphi-

pod species of Species Group 40, A. birulai and A. eschricht{, were rela-

tively unimportant. Conversely, Stations 38 and 40 had relatively high
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densities of all three of the amphipod species in Species Group 40. Station

65 joins the other two stations in Group J at a low similarity level (26%;

Fig. 2a) in the Zn-transformed cluster analysis. The area within and ad-

jacent to Station Group J is a region where gray whales (Esclztichtius

robustus) seasonally feed intensively on gammarid amphipods (Nerini et aZ.,

1980; personal communication), and where bearded seals (.&@uz~lzus  barbatus)

and walruses (Odobenus rosmarus divagazs) also feed periodically on the

bottom (Lowry and Frost, 1981). Although Station Group J shows strong af-

finities to Group F in the principal coordinate analysis (Fig. 5), these

groups are not adjacent to each other geographically (Fig. 3a). However,

the location of Station Group F north of the Chirikov Basin and the Bering

Strait probably indicates settlement of larvae of species transported form

the stations in Group J to the northern region. Group J is also relatively

well separated geographically from all of the other station groups.

General Features of the Station Groups

An assessment of the biological data in this report indicates that most

of the station groups, both within and adjacent to the basins considered,

have features that separate them from all of the other groups. Characteristic

species dominate in density and biomass in most of the groups, and can be

used to describe these groups, thereby making it possible to plan viable

monitoring programs for each of the petroleum lease areas. A description of

some of the areas described in this report is also included in Stoker (1978),

which complements and supplements some of the information presented here.

The station groups located primarily in the deeper waters of the Zhemchug

and Navarin Basin lease areas (Station Groups A’ and B) were composed mainly

of deposit-feeding organisms characteristic of the muddy bottom present in

these areas (see Feder et az., 1980b). Two deposit-feeding species were

common to this shelf area: the capitellid polychaete Heteromastus filiformis

and the mud star Ctenodiseus  erispatus.

The two stations (Stations 73 [Station Group C] and 74 [Station Group E])

within the Zhemchug Basin north of the Pribilof Islands are in waters shal-

lower than are Station Groups A’ and B and are also characterized by

deposit-feeding species. These species are more characteristic of mid-shelf



areas (see Feder et az. , 1980b), however: at Station 73, the deposit-

feeding clams flucula ten.uis and Nueukna fossa dominated, and, at Station

74, the deposit-feeding polychaetes  Praxillella praetemnissa and Glycinde

picta dominated. The substratum in the vicinity of the latter station is

characteristically higher in sand fractions than are other regions around

the Pribilof Islands (Feder et az., 1980b). A dominance, in terms of

biomass , of two suspension-feeding species at Station 74 appears to reflect

this difference in substrate, with the sand dollar Eehinarachnius  parma

(probably also using resuspended particulate matter) and the clam Sezvipes

groenland<cus present.

Station Group D, east of the Navarin Basin, is also dominated by

deposit-feeding species. Again, however, the species differ somewhat from

other nearby stations within the Basin. The deposit-feeding clams N. tienuis

and Maeoma ealcarea and the deposit-feeding polychaete MaUane glebifex are

the most common species present. The importance , in biomass, of the sand

dollar E. parma suggests an increase in sand fractions of the substrate in

the Group D area.

The stations within the St. Matthew Basin (Group E) suggest an enriched

depositing environment. Three deposit-feeding species dominated in density:

the polychaetes HapZoseolopZos elongakus and Barantolla umeticana and the

clam ~. tenuiso The dominance in biomass of deposit-feeding clams (N.

tenuis, M. calcarea, N. fossa, and YoZdia amygdaZea)  further indicates the

presence of an organically rich bottom, presumably representing a region

at the periphery of the very rich area encompassed by Station 31 (Station

Group I). It is in the latter region that the extraordinary high densities

of the deposit-feeding polychaete Myrioche2e oeulata occurs.

The shallow-water stations (23-40 m) of the Chirikov Basin are dominated

by tube-dwelling amphipods, Ampelisca spp. These amphipods are generally

considered suspension feeders (probably feeding primarily on resuspended

sediments available after storms) and typically occur where high levels of

particulate material settle to the bottom. Presumably, zooplankters

funneled through the Anadyr Strait and detrital particles from the Yukon

River and Norton Sound contribute to this particulate material (see Stoker,

1981) .



The stations off Cape Nome (Station Group A“) also reflect an environ-

ment where particulate material is settling to the bottom. The polychaete

M. ocuZata  is very common here, and the deposit-feeding clam M. eaZearea

dominates in biomass. The suspended materials of Norton Sound (derived from

the Yukon River and other rivers within the Sound) presumably contribute

much of the food available to the benthic species of Station Group A“.

Station Group G (Station 56), located in Bering Strait, reflects the

high-velocity currents and hard substrate present here, by the increase

in dominance of suspension-feeding species: the clam HiateZZa am+ica and

the barnacle BaZunus crenatus. An increase in benthic biomass is typically

apparent in the Bering Strait (Stoker, 1978, 1981).

The species that dominate Station Group H, northeast of Bering Strait,

indicate the deposition (as a result of loss of current velocity) of materials

funneled through the Strait and into Kotzebue Sound. The polychaete M.

oeuZata and the deposit-feeding clams N. tenuis and M. eaZearea are important

here. The presence of the sand dollar l?. partna also suggests an increase

in sand fraction in the sediment here.

The stations south of the Hope Basin lease area (Stations 54 and 55)

were dominated by deposit-feeding species feeding on particulate material

funneled through Bering Strait and deposited in a region where water currents

have decreased in velocity. The deposit-feeding polychaetes P. praeter?nissa,

G. pieta, and H. eZongatus were common here. The suspension-feeding sand

dollar E. parma dominated in biomass, suggesting that particulate material

is still an important component of the water column in this region.

The shallow, muddy stations of Kotzebue Sound, east of the Hope Basin

lease area, were dominated by deposit-feeding species characteristic of such

an environment. The clams N. tenuis, N. fossa, the sea cucumber Cueuma.ria

sp. , and the polychaete Sta?zas@s seutata were common.

General Summary and Implications of Oil Development

In general, each of the station groups within or adjacent to the

basin examined in this study had individual species and/or species groups

that characterized and distinguished them from the other groups. In some
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cases,

widely

the similarities within groups occurred between stations that were

separated geographically, e.g. , the 1000 km separating stations

of Station Groups C and F and the disjunct distribution of segments of Sta-

tion Group B (Figs. 2a and 3a). Although the wide separation of stations

within groups C and F implies ecological differences between these disjunct

stations, in general, these station groups delineated by multivariate tech-

niques appear to be distinctive enough to also be useful for monitoring

purposes. Furthermore, knowledge of species composition within the station

groups makes it possible to assess the ecological consequences of damage or

loss of any of these species within the stations or station groups. Thus,

the deposit-feeding species in the Zhemchug  and Navarin Basins are actual or

potential food resources for several bottom-feeding species (e.g., the

Tanner crab Chionoeeetes opiZio and some species of bottomfishes), and loss

of these food organisms could disrupt the trophic system involving these

and other predatory species in the region of the lease areas (Feder and

Jewett, 1981a; Jewett and Feder, 1981). The organically-enriched region

of the St. Matthew Basin lease area sustains dense populations of numerous

species of sessile, deposit-feeding organisms, many of which are of potential

importance to bottom-feeding predators. No data are available on the epi-

faunal species composition or trophic interrelationship of species in the

latter lease area. However, it is to be expected that such large concentra-

tions of organisms as are found at Station 31 (Fig. 1; Table IX) must have

ecological importance within the system, and alterations of the benthic

biota would be expected if any of the species present were negatively affected

by industrial activity. In addition, the high densities (25,000 individuals/m2)

of the tubes of the polychaete MytioeheZe  ocziZata at Station 31 must stabi-

lize the bottom sediments of the area to some extent. Loss of some or all

of these sessile polychaetes  could destabilize the bottom sediments, with

subsequent alteration of the species composition, density, and/or biomass

(e.g., see discussion in Rhoads, 1974). Similar destabilization of bottom

sediments could also occur in the Chirikov  Basin if severe damage was sus-

tained by the tube-building ampeliscid amphipods (AmpeZisca spp.) present

in large numbers there, as well as the tube-dwelling polychaete MyrioeheZe

ocda%a within Station Group H (northeast of Bering Strait). In the case
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of the ampeliscids  in the Chirikov Basin, gray whales depend on these

crustaceans for food during the summer, and depletion of this resource

would be critical for the whales at this time; they feed almost exclusively

on their summering grounds (Frost and Lowry, 1981). Likewise, damage to

the large bivalve mollusk populations present in the Chirikov Basin could

negatively affect the bearded seals and walruses of the region (Stoker,

1978; Fay, 1981; Frost and Lo-, 1981; Lowry and Frost, 1981). The oc-

casional importance of the northeastern Bering and southeastern Chukchi

Seas to bottom-feeding fishes (Jewett and Feder, 1980; Feder and Jewett,

1981a) implies that the high standing stock of infauna (Stoker, 1978, 1981)

is important to these organisms in those warm years when the fishes are

able to migrate there to feed intensively. The continued presence of

C%ionoeeetes opi2io, a commercially-fished predator (in the southeastern

Bering Sea) on infaunal organisms (Feder and Jewett, 1981a), in the latter

regions also indicates the importance of sustaining healthy populations

of infauna there.

VIII . CONCLUSIONS

Numerical analysis of van Veen grab samples collected in 1979 and 1980

in the eastern Bering and southeastern Chukchi Seas identified station groups

(based on infaunal  and slow-moving epifaunal  species) on or near four poten-

tial petroleum lease areas — the Zhemchug  Basin, Navarin Basin, St. Matthew

Basin, and Hope Basin. A preliminary understanding of the Chirikov Basin,

in conjunction with the data of Stoker (1978), also emerged from the present

investigation. The present study, although based on collections made on

one occasion at each station, makes it possible to develop a preliminary

assessment of the infaunal composition in the vicinity of the above lease

areas. As described in the introduction of the present report, organisms of

the infaunal  benthos are frequently chosen to monitor long-term pollution

effects because they tend to remain in place, typically react to long-term

environmental changes, and, by their presence, generally qualitatively

reflect the nature of the substratum. Furthermore, the presence of epifaunal

and finfish species of actual or potential commercial importance (crabs,

shrimps, snails, bottomfishes) , most of which feed on benthic organisms
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in the areas investigated, also emphasizes the necessity of understanding

the benthic biota. Thus, changes in the availability of benthic food organ-

isms (inclusive of many of the species addressed in this report) could

indirectly affect these commercial species.

The data presented in this report, in conjunction with those of Haflinger

(1978), Stoker (1978), Feder and Jewett (1978, 1980), and Feder etaz. (1980b;

in press), make it possible to understand the infaunal composition of each of

the oil lease areas (each of which is separable biologically from the others)

prior to initiation of industrial activity. Consequently, a benthic monitor-

ing program can now be developed for each lease area, if required, with con-

fidence that a reasonable data base is available to serve as the informational

core of each program. However, it must be emphasized that most of the benthic

biological data from the region considered in this report is distribution and

abundance information only. Although limited life-history data are available

for some bottom-living species (Feder and Jewett, 1978; Feder and Jewett,

1981a; Hood and Calder, 1981a, b; Feder et az., in press), life-history in-

formation for the majority of these species is unavailable. Furthermore, a

broad spectrum of physical and chemical environmental data, taken in conjunction

with these benthic biological data, are virtually non-existent (but, see

Haflinger, 1978; Stoker, 1978; relevant chapters in Hood and Calder, 1981a, b).

Thus, although monitoring programs can be initiated, they can only be based

on the available biological density and biomass data.

Generalizations, primarily based on multivariate  analysis of Zn-trans-

formed density data, are presented below on the benthos in the vicinity of

the petroleum lease areas investigated. A comparison of the summaries il-

lustrates the uniqueness of most of the biological groups identified in the

eastern Bering and southeastern Chukchi Seas. Each station group is con-

sidered briefly in terms of the major features that characterize it.

1. The infauna  of the Zhemchug Basin lease area was segregated into three

groups – Station Group B, Station 73, and Station 74 (Fig. 3a).

a. Station Group B – the stations occurred at depths between 100 m

and 200 m. Some stations in this station group also occur in the

Navarin Basin lease area; these stations are considered when that

group is presented. Most of the species in the group were deposit
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be

c*

feeders. The dominant species (in density) present were the

polychaete hkteromastue  fil~fotis,  the brittle star Ophiura

sarsi, the polychaete  Ma2dane glebifex, the clam Axinops<da

sem%eata, and the brittle star DLmphiodia cwaterodmeta,  in

decreasing order of importance. The leading species in biomass

in this group were 0. sars;, M. gZebifex,  and the mud-consuming

sea star Ctenodiscus crispatus,  in decreasing order of importance.

Station 73 –located at 79.6 m, this station clustered with Sta-

tion Group C, but is spatially separated by 1,000 km from the

other stations in the group. Station Group C is considered below.

The station was characterized in density by the deposit-feeding

clam NucuZa tenuis and the deposit-feeding polychaete Sternasp~s

seutata, in decreasing order of importance.

Station 74 – located at 72 m depth, just north of the Pribilof

Islands. The station clustered with Station Group F, but was spa-

tially separated by 1,000 km from the other stations in the group.

Station Group F is considered separately below. The dominant

species, by density, at this station were the amphipod Harpinia

gurjanovae and the deposit-feeding polychaetes Pr&2ZeZZa praeter-

tissa and GZycinde picta, in decreasing order of importance.

Species dominant in biomass were llepthys caeca (12.5 g/m2),

PraxiZZeZZu practefissa (3.1 g/m2), and unidentified Foramini-

fera (2.4 g/m2).

2. The Navarin Basin lease area was composed of three relatively distinct

station groups –Station Group A’, B, and D (Fig. 3a).

a. Station Group A’ — most of the stations of this group occurred at

depths between 100 m and 200 m. Station 12 of this group occurred

at 103 m, and Station 13 was at 78 m; both of the latter stations

were close to, and west of, St. Matthew Island. The dominant spe-

cies present, in terms of density, was the deposit-feeding polychaete

Heteromastus  fiZifomis; the biomass dominant was the mud-consuming

sea star Ctenodiscus ctispatus. This group differed from Station

Group B by differences in species groups (see Discussion and Table

v).
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b. Station Group B – alehough this station group is a disjunct one (i.e. ,

separated by Station Group A’ ; Fig. 3a), its biological features are

relatively similar throughout. See the description of this group

under the Zhemchug Basin lease area above.

c. Station Group D — stations in this group occurred from 81 m to 103 m.

This group had the lowest mean density (622 individuals/m2) and the

second lowest mean biomass (94 g/m2) of all the station groups exa-

mined in this investigation.

density and biomass, were the

a??i’etimna and the clam Macoma

at 85 m and just northwest of
.

The dominant species, in terms of

deposit-feeding polychaete BamntoZZa

calcarea, respectively. Station 14,

St. Matthew Island, had a biomass of
.

34 g/mL. Station 21, at 103 m, had the lowest biomass (21 g/mL) of

the entire station group.

30 The St. Matthew Basin lease area and vicinity consisted of two station

groups – Station Groups E and I (Fig. 3a).

a. Station Group E – the two stations (Stations 26 and 27) in this

group occurred at depths of 35 m and 46 m, respectively. The dominant

species present, in terms of density and biomass, were the deposit-

feeding polychaete HapZoseoZopZos elongatus  and the deposit-feeding

clam Nucula tienu;s, respectively. No other station in any of the

other station groups contained such high densities of H. eZongatus.

b. Station Group H – the one station of this group, Station 31, occur-

red at 22 m, relatively close to the mainland and north of Etolin

Strait. The dominant species, in density, was the polychaete M.
2oeuZata, with a density of 25,000 individuals/m . An ectoproct

(bryozoan)  AZcyonidiw  discifome, dominated the biomass at this

station. The high overall density at this station (32,023 indivi-

duals/m2) was the highest value observed at any of the stations sam-

pled in the investigation; this high density was primarily a reflec-

tion of the large numbers of the polychaete  M. ocuZata. Large

numbers of Foraminifera also characterized this station; the pre-

sence of such large numbers of these shelled protozoans was also

unique to this station.



4, The Hope Basin lease area and vicinity consisted of three station groups –

Station Groups C, F, and H (Fig. 3a).

a. Station Group C – the two stations (Stations 49 and 51) in this group

that is adjacent to the Hope Basin occurred at depths of 30 m and

24 m, respectively. The other station in the group, Station 73, was

in the Zhemchug  Basin lease area, and is discussed with the stations

of that area. The species dominant in density (in decreasing order

of importance) at Stations 49 and 51 were the deposit-feeding clams

Nucula tenuis and NueuLnta fossa and the sea cucumber Cucwnc&a sp.,

The species dominant in biomass were Cucumaria sp., the deposit-

feeding polychaete  Stez?uzspis scutata , and the large clam Serripes

g~oenZandicus, in decreasing order of dominance.

b. Station Group F – the two stations of this group are located south

of the Hope Basin lease area and just north of Bering Strait; Sta-

tions 54 and 55 occurred at depths of 32 and 53 m, respectively.

The other station in this group (Station 74) is in the Zhemchug Ba-

sin lease area and is discussed with the stations of that area. The

dominant species, in decreasing order of density, were the amphipod

Haxpinia gurjanovae and the deposit-feeding polychaetes Praxillella

praetermissa and GZgcinde picta. The sand dollar Echinarhachnius

parma dominated the biomass.

c. Station Group H – The three stations of this group were northeast

of Bering Strait, and occurred from depths of 13 m to 23 m. The

dominant taxa (in decreasing order of density) were the polychaete

MyriocheZe oculata, the sand dollar E. parma, and tunicates. The

species dominating in biomass was the deposit-feeding clam Macoma

caZcarea.

5. Station groups from St. Lawrence Island through the Chirikov  Basin to

Bering Strait consisted of three station groups – Station Groups J, A“,

and G (Fig. 3a).

a. Station Group J – the stations in this group are either adjacent

to St. Lawrence Island or within the Chirikov  Basin, and occurred

at depths of 23-40 m. The dominant species (in decreasing order



of density) were the tube-dwelling amphipods Ampel~sea macrocephala,

A. bizwla<, and A. esehrichti. AmpeZisea mae~oce@aZa dominated in

biomass. Station 65 of Group J was close to St. Lawrence Island

(at 23 m), and differed from the other two stations of the group by

having fewer A. birulai and A. eschrichti.

b. Station Group A“ – the two stations of this group are adjacent

to Cape Nome at a depth of 22 m. Species dominating in density were

the polychaetes M. oculata and HapZoscoZop_Zos elongatus and the amphi-

pod Ex+ichthonius hunteti, in decreasing order of importance. The

species dominant in biomass were the crangonid shrimp Argis Zar

and the deposit-feeding echiurid worm Echiur-us echiurus aZaskanus.

c* Station Group G – consists of a single station in Bering Strait at

a depth of 52 m. Both the density and biomass at this station were

relatively high, with values of 1,933 individuals/m2 and 635 g/m2,

respectively. Species dominating in density were the boring clam

Hiatella arctica, the sea urchin Strongylocen-t?otus droebachiensis,

the deposit-feeding polychaete  Asabe22ides sibitica, and the barnacle

BaZanus c~enatus. This was the only station with high densities of

H. urctica and B. crenutus. Hiatella arctica dominated the biomass.

Knowledge of species composition within the station groups delineated

by this study makes it possible to make a preliminary assessment of the

ecological consequences of damage to or loss of any of the food species within

the stations or station groups. Many of the common, deposit-feeding in-

faunal species in the Zhemchug and Navarin Basin lease areas are actual or

potential food resources for bottom-feeding species such as the Tanner crab

(Chionoece&es opi2io) and bottomfishes. Loss of any or all of the benthic

food species as a result of industrial activity or petroleum contamination

could seriously disrupt the trophic system involving these species. The

dense populations of infaunal species in the vicinity of the St. Matthew Basin

lease area consist of many species commonly taken as food by epibenthic pre-

dators elsewhere in the eastern Bering Sea, and damage to large segments of

this food reserve could negatively affect as yet unknown biological inter-

actions in the area. The dense masses of tubes of the polychaete Myrioehe2e

ocuzata in the area just north of Etolin Strait and Nunivak Island stabilize



the bottom sediments of the area. Loss of, or damage to, a large segment of

this polychaete  population would destabilize the bottom sediments, conse-

quently causing a new complement of species to be established. Obvious ecolo-

gical changes would be expected in the latter area if such damage occurred.

A similar change of the bottom structure would be expected in the Chirikov

Basin if major mortality of , or damage to, the extensive ampeliscid  amphipod

populations present there occurred. In the latter situation, alteration of

bottom structure with concomitant ecological changes are to be expected.

However, a far more serious consequence of destruction of major portions of

these amphipod beds would be manifested by the loss in food available to the

large populations of gray whales (Eschrict<us  robustus) dependent on these

crustaceans for a major component of their summer food. Damage to the bi-

valve populations in the Chirikov Basin via petroleum or other industrial

development would affect an important seasonal food supply for bearded

seals (Erignathus barbatus) and walruses (Odobenus rosmarus). The high

benthic biomass located south and southeast of the Hope Basin lease area

comprises a food reserve available to the resident Tanner crab and to

transient populations of bottomfishes and marine mammals that periodically

move into the region for summer feeding activity. The area is relatively

shallow and could be readily contaminated by petroleum fractions. Damage

to or loss of the high standing stocks of benthic food organisms in the

Hope Basin lease area could be detrimental to the predatory species that

frequent the region. It should be emphasized that both the Tanner crab and

the transient bottomfish populations here are operating near the northern

limits of their range, and alteration of any aspect of their environment

could seriously affect their survival in the northeastern Bering and south-

eastern Chukchi Seas.

Availability of many readily-identifiable, biologically well-understood

organisms is a preliminary to the development of monitoring programs. Sizeable

biomasses of taxonomically  well-known annelids , mollusks, crustaceans, and

echinoderms were typical of most of the stations, and many of these taxa

were sufficiently abundant to represent organisms potentially useful as

monitoring tools. Some aspects of the feeding biology of these benthic
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organisms are known or can be surmised, based on a knowledge of the same

or similar species elsewhere. However, other aspects of the biology of

these organisms are poorly understood , although limited data are available

for bivalve and gastropod growth as well as knowledge of reproduction and

recruitment biology (see selected chapters in Hood and Calder, 1981a).

Hopefully, future investigations in the study areas will clarify some of the

more important aspects of the biology of the dominant benthic species; this

information would increase the reliability of future monitoring programs for

the eastern Bering and southeastern Chukchi Seas.

Initial assessment of all data for the study areas suggests that: (1)

sufficient station group uniqueness exists to permit development of monitoring

programs based on taxon composition within groups, using grab sampling and

selected statistical techniques, and (2) adequate numbers of biologically

relatively well-known, abundant, and/or large (in biomass) species are avail-

able to permit nomination of likely monitoring candidates for most of the

Basins if oil-related activity is initiated.

Ix. NEEDS FOR FURTHER STUDY

With respecc to this study and to previous benthic studies in the Bering

and Chukchi Seas, we feel that the following questions and comments need to

be addressed in the future:

1.

2.

3.

4.

What is the seasonal variation in density and biomass of infauna in

the areas examined?

With regard to the temporal variation referred to above, what are the

life histories of the most important organisms (in terms of density,

biomass, and/or act of promoting stability of the benthic environment)

in each species group?

What are the most important species involved in trophic interactions

with known and/or potential commercial fisheries species in the Bering

and Chukchi Seas?

Are there specific stages in the life histories of the most important

infaunal  species that cause them to be very susceptible to effects of

oil and/or industrial development?
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5. Due to the extremely high species diversity (up to 85 taxa examined/

station and an average of 44 taxa/grab overall), abundance (up to 32,000

individuals/station and an average of 1,660 individuals identified/

station, yielding approximately 80,000 individuals identified overall),

and biomass (173. g biomass/station), we were unable to analyze as

many stations as we had originally planned, based on our best estimates

of time available from earlier work in the southeastern Bering Sea and

elsewhere (with attributes at most 60% of those discussed above). Hence,

we analyzed all stations in the higher-priority (Navarin, Zhemchug, and

Hope Basins) lease sale areas, but only analyzed selected stations in

the lower-priority (St. Matthew and Chirikov basins) areas. Completion

of analysis of samples in these latter areas would greatly improve our

characterization of the infauna in these areas for future studies, thus

allowing better monitoring of the infauna in these regions.
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APPENDIX A

LIST OF ALL TAXA IDENTIFIED FROM THE GRAB SAMPLES TAKEN APRIL 1979
AND MAY-JUNE 1980 IN THE EASTERN BERING AND CHUKCHI SEAS

Biologically important taxa (BIT) are shown by
crosses (x) under the appropriate criteria

Criteria:

1. Taxon occur in 50 percent or more of stations

2. At least 10 percent of individuals at some stations

3. At least 10 percent of wet biomass at some stations

4. Abundant with respect to number of individuals at some stations

5. Abundant with respect to total biomass at some stations
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NEREIS 5P*
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Figure 5. Dr.mimmce-dfVersity curve (deusity)  calculated from Station Group B.
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Figure 8. 1lorninance-diversity curve (biomass) calculated from St6tion  Group C.
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Figure 11. Oominance-diversity  curve (density) calculated from  Station Group E.

109



Dowl I4VWCE

.DllVOXAT

.s

.8

.8

.6

.8

.8.0!
1!

.81

.8!

.61

.01

.81

ss
.ES#s8s
.s
.es
0E
.sE

.6E

.8t

.08
18

-aI4OITAT

BUJAVATAO

s01.a01
Ss.TS

SiS

8e.TS6.T
SES.
8Q.5 5.5S8.i
8S.Ias'.'

86e.o

SS.0
oci.o

I.0
851.0
651.0
001.080.O
680.0
810.0

t0.0
560.0
060.0a0.0

0.0
SE0.0
650.0

s00
#S00
800.0
800.0
600.0
S00.0

3MAII1DXAT

aIuM3TAJUDUi
AgA)JA)AMO)AM AC)AWAJUDU4

A1JAOYMAAIJOY AJu3qAIiAJuDu4
AflIOJaJqoJo)eoJqAH

ATATDwJqyTHq3i
ATATU)2TMTAaJJ3J.JIxAgq

Iiiogia3CIJJ83T
ADADyTHq
AaOJJIvAOA8

AI4ADIg3UAAJJoT&IAge
gAJIA

ATDI3OVIDYJ
AflITIdlADAJJHTOIXA

AOUXJARIaAvH
AHJAA4H)TJY Xl3J,3VAaJAN

IORAMIAaIJ8Y8
AVOI.iALg1JaAlIIIAH

4C1nqTAqDAIOOIHqMA1OA)IIDAAJJ3OGU
ATUIIIMOJoHq

RO1TiluTAMOq3T3HATAiH)AgI3aMoToq
M(JTAJiIIAM38IJA)

auTAGuADuJuqAIçq
!aqo.jAGDIA ATA)I5l3AclIaqOIlIXA

ATAT1A)AJJ3TIqA)lAAJflOMITMATAI)AA131(J3NOTflRqlJlDADAI35UAT iaiivoiaqoix*
ATA9OM3IAI3RoqoTe,oq

AI4OJIiD3T3
3AqAMATAIOlMIl

)IClIiAJM3O23OITlAMA
AaUT8OAUT3 iMO3Geiiqojj3soou

IAVO)ALAOAIMIqAH

9V,UC8Vtb9fl7IflkmOI

Jl
l!
l .

0
s

0 .
0
0

.
-

1
I

.
 

.
L

0
0
.
 

.
.

.
.

*
W
V
!

m
r
o
m

0
0

0
0

0
.
 

.
0

z
.
.

:*
**

*+
**

**
+

**
 

●
 

☛
☛

☛

☛ ✎

*
S
*
+

*
E
*
*
+

**
**

●
*
*
*
*
4 x

x x
: * * *

x
x s

v * * ●
x

x x
●

✍
✚

O
* *

Ii ? *
A

* : ● ☛
x

x x
x

x % x
x x

x x %
x x x

x
x x

x x x

* * : *
: ● ● ✚ ☛ ☛ ✚ ● ☛ ✚ ☛ ✘ ✚ ☛ ✚ ☛

. . m .=l

* * ● ☛ ● ● ☛ ☛ ☛ ☛ ☛ ● ☛

❞
✚

☛ m * * ● ● * * : ● ● ● ● * * *

i%

x x
x

● ✛ ☛ ☛ ● ● ☛ ● ✚ ● ✚ ☛ ● ● ✚ ✎

x

:
:*

**
**

+
**

**
+

*
 ●

 ☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

✛
 

☛
☛

☛
☛

☛
☛

☛
☛

☛
☞

☛
✘☛

☛
 

☛
 

☛
☛

☛
☛

☛
☛

☛
☛

✎
✚



3uJAvTO,

O0.s

s.s
s.s

T01.S
ô8O.
.oOS

sO.S
EOQ.I
SQ8.I
SQT.I Eot.I8T.IQo.1a.I

Lu.'iu.i
10E.IJO.I

s.I
OS.I
OS1

cco.iQO.I
000.1
000.1
000.1
000.1
000.1

oc.o
EOc'.o
£00.0
£00.0
£00.0
£000
£00.0eT.o

.quo3n

ev1iAyIv ibEYDMErI 1
1QM 1UCfllV1Y

IIYCHY1OI4AX liflEl rEtsi
OIviArI BIDEI4.LY.LY
WlCflrV LEI1fl1
vveErr1oE l&1b1CV
WA1UCHEfE UCflI V.L
v,iivioErrv vIMEiM000lrl V CVECflI V
CVI V14fl2 brrn'lcHbl1
1VCHAACHfl EUflcYbILErrY CVbIlviV
WEbH1A CYECV
CH1OIOECE1E OblilU
VWbHVEiE VCIUI EtOI4
lVilcV CrVflV

cYr1Ewv 1ErVir1w
1EbH.LA b1CKE±i1

UrybIErrv AVICUV
CILEWIDE (Vb11WV.LV
UbHlflV 1Vb1
&V1HAdEDUW I4V2EIL
Y1V±E BUsevrl

Eb1bE QuEI1r VllDlCfl2
&VOV AI11U.V
EnoobErrob1 R1LE(Y
WVIOVWE QrE&lEkx

Corobro VbWlE
qorb1,e1y wybvbl1vCEy
ELEOWE 1011ev
bI4UDLIIE 0lSVCl11U
ubHErIv riwvciwv.LAbo2Arr1 VI jE1VjV
bUWiObOoE IV EEWCJVIV
ECHI11VbVCl*l1(1 bVIVIEiEowV2Lr1 Eli 1E1JPI1
bflUII? 2bVK1L
CAC1UCVDIV CEItSL(ULV

blUbHV11E2 &UW&AX
11AErrv 1fl1110V
bHUIOE WIW1IV
EflDoErrv bVCIELCV
VCiE0BIV V11L1CU.L1ESI2I
vwbEr1cV WVCdUCEbI.VI V
DYbYbHOXII2 ucnrvjjBvbVIuurry VWEbICVkIY
HVbIO2COIUbI 02 ErLrnevLrl
CIACIIIDE bICiV
bvx1r1Errv bYEiEbWI2
HVbbIIlIV Cfl1VI'10flVE

J.Vxot4 11V11E

N
 
*
*
 
am
-t
mr

 
.
 
m
m
m
x
=
z
 
s
-
 
n
3

-

0
0

0
0

-
.
“
N

 
N
I
u

u
0

.
.

.
.

.
.

.
.

.
w
m
a
-

m
m
-
e

 
-4

0

**
*+

**
**

+
**

**
**

**
*+

 *
**

**
**

**
+

**
*

●
 

☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

 
m+

●
 
a

x
:
:

x
●

 
-

*Z
x

*
*

●
 
Z

x
a
n

●
 -
II

x
+ *
I

x
●

x
;
:

x
:
g

x
:
2

x
;
:

~
-1 P

?
m
*
*
*
*
 
**

e*
e*

ww
ww

 
w
u
w
u
w
w
 
N
N
N
-
N
w
m
 
No
 
n
.
”
 
-
-
-
-
-
.
”
-

2
O.O

m-
Ja.

 ta
*w

ro
-O

*m
.lm

 u
8t

!l
m

. O
am

-Im
mo

bl
 
Iu
- O

o
m

-I
m

m
 
Dt

.l
ru

. 
Oo

m-
4m

m
 
Ou

ru
. 
z

2 .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 .

g
z 0

x x
x x x

x
x x

x x
x x

x x x

* ●
 
T

* *
I

● -
O

●
 
m

*
Z

*
i
n

●
 
H

*
-
I

*
<

* ● ●

~
0

z
-1

-.
”
 
.
 
..
-N
ru
Nw

 
D

.
-
-
.
-
-
-
X
-
.
-
.
-
-
P
-
-
W
.
.
M
W
I
 

4. 
s
s
w
m
w
m
+
m
m
o
o
-
~
w
.
m
m
-
s
m
.
 
+

r
*m

m@
mm

mm
OO

OO
Ow

N*
 *

se
em

m
m

O
*e

m
* 

*-
em

w
m

m
m

m
m

N
m

m
O

e 
s
*
s
m
 
>

.
 

0
0

0
 .

.0
0

..
..

 
.,

 
. 

.
0

0
.

,
0

.
.

,
 

.
 

.
.

0
.

.
.

.
0

0
0

0
 

.
 

0
0

.
0

0
0

0
.

0
0

.
 

.
 

.
~

0
0
0
0
0
0
 
e
O
O
O
O
O
e
a
O
O
O
o
O
O
O
O
O
O
O
O
O
O
O
O
 
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
c

O
O
O
a
O
O
O
a
e
O
O
O
o
O
e
O
O
O
O

 
o
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

 
●

:
0
.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
a
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
e
0
0
0
0
0
0
0
0
a
a
0
0
0
0
0
0
0

 
~ c

;
m

x
x x x

x
● ☛ ☛ ☛ ● ☛

i : . * : * ● ✚ ☛ ☛

x

x x x

x x

x

8 * ● + ● ☛ ☛ ● ☛ ☛ ☛ ● ●
x x x x

x x x w

* : * ● ☛ ☛ ● ☛ ✚ ☛ ☛ ✚ ☛ 9 :

x
i *

M
* *

x

g
:
*
*
*
 
*
+
*
*
*
 *

4 
*
*
x
*
 
*
*
*
*
*
a
*
*
*
+
*
*
*
*
*

 
*
*
*
*
4
*
*
*
*
*
*
*
*
*
*
*
 

●
 
*
*
:



0 IS
O.fls O.T3c
o
o
O i9I
0195
0S08
o.ss
OSQS
0598 oss
o.30g
0310 O39 03QS
o.o os O3O ooO8 OoQ 09S5

5930
3O
IOSeg
Iso
I

Q883O

o90909 O°8S

.0

100.t

10b.S

10.S

10£.Z

10ø.t

100.1

on3.0

00.0

01).0-

003.0-

100.1-

x-x
xx

xx xx xxx xxx
xxx

x

EMAIlMOXAT
AUqAQtJTl4H)AAi1IM)E1TT)lVTHqEM
J)U1IlAi&iinqqrgq rMqTAqqAJJ3JJIxAqqo)TqAqDAIOqA)OJ)YAA)avTHqIlqAIgAMU)UD

ALJAJDADITAM
gr)lJTDAq311100Mg
LJ023IJHD&ivSlYHDAT?0ITtJDA3TgAI4qMA

ATAJLJ11AgF)G1113TI)qAMYDOTI
A01tJD18AET001MY

I3TT0D1T11AAIRO3TDqA A0)IgAVAJJ3IgAio
a1i0JanpqoJoDoJqAH

AT.)Iq30I4I)YJ
ATAgOM3AI3goqorlloq

ATAJUDO3J311)OIgVM
IAI4q3,og)AMADaIJEQMA

ATATIIEcIATI.13M
A11ADTg3MAAJJOTIiAgAAXUfl3JBIIAGJAM A)r1RIa?.3OIJJ38AaA

A3RAJA)AMODAM
lagA?AjJ3OIITTIIA

AaOUXIIIAgIaAYHT OTilgo3T3)30M0IHDajjAgoaTgATaA
AT(JWTM3OJnHq q)IMgA?oJqoJnDa

A&IIDAMIJAIJ3Hn
AaOJJlvAOAq6

AOTMuTAJJEaYM
1THDIqH).ADIJ3qMA A10J3110313

AVnMALgLIATIITqgAH
ATA11TIAaIJJyp.c)qyr

UTaIU)OuxnHqAqAq
DATII1AagAMAIa11Tini

ATADIgRP4J3OHTOMgAHTIaAqaaIToI4q
MLITAI11TAM3q8IJADa

XAaIJIIXYMOMA
A)T1)AqA.JJ3g001i3

xvaMoaaEvAHqoXqp !g0IITIaUTaAMOg3T3H
TCIMAJIl30RaEOITIAMA
IMI0T?.30TJJ3g3g3

s
ln

0
*
0
*
9
9
*
 
+*
s-
cu
w
 
Lu
ww
 
Wu
uu
ur
.
 
x
o
r
w
w
m
h
l
?
.
l
f
o
m
f
u
.

 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.

x
O

G
m

-I
m

m
*
w

 r
u

-O
m

m
-J

m
u

 *
lM

r
o

-O
’u

m
 
-4
mm
*l
ll

 N
.O

a
 m

-4
a

.
 i
n
*
u
h
l.

 O
a
m

-J
m

m
 S

.1
.l
h
)v
 
z

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

. .
z 0 .

— 
.-. lw
- .W

D
:
4
G

-4
>

D

:*
*

* * * : * * : ● ☛ ✚ ☛ ● ☛ ☛

✍
✚

O
* * 8 * * : * * : * * : ● m : ●

z:
* * * : * * * ● * *

**
+

**
**

+
*?

**
**

*
 *

*+
1 I 1 \ I : 8 I : 1 1 ; I

x

:
x

* . : * *
X

:
x

●
 
x

* *
x

* ●
 
K
:
x

g:
x 

**
*e

**
**

*

x x

●
 

☛
☛

☛
☞

☛
☛

☛
☛

☛
☛

☛
☛

☛
☛

 
☛

☛
☛

☛
☛

☛
☛

☛
☛

☞
☛

☛
☛

☛
☛

x
:
:

a
=

x
*
M

x x %

x
x

x
x

; 
““

:
8

*
o

*
-

*
<

*I
II

*
=
*
a

:
=

*
-
C

* :
2
D
a

*
<

*
1
1

*
W

* + *

s I ; t : t I : I
;

●
 *
**

O
**

**
**

**
**

 ●
 *
**

**
**

*+
**

**
*

 ●
 *
*
*
*
*
*
*
*
.



Dow zzwuc6qAwr.acA GflLAG (quaTX) C9TCSTTG LOW 2TOU CLOflb

CHIOIIOECE1E Obif 10
brEnboeo11rw b1W)1 WflW
EnDoErry bYC11CV
Ilvilcy crflv
I IOCAWY rricnuv

EbbIbE2 Qb0E1I DICI1
iEbE9EIr1oE 2iboEIl I

YWbHVELE YOU IbUII
WEDI0WY2ifl CVbElI2
2cvr I oiiv I liYiItW
?bIo eIrIcoti1I
bIOlObIO CIbLS1EY
EiEOIE 1014Qv
jIts011 IQCfl1Y).Y
bvvbHoxr1 UCflIV1fl
wvcoiv cYrCYbEY
eyvtiorry vdElcY1Y
DIYWbI4IODIY CbY.LEb0DwEY

1ACIIIOE bICIY
bHOroE wliqniv
WEIIIY DE1VJ.Y
HYbrocorobr U Er (JI40YjfI
LAboArr I? YIIEbI6YiY
ubHErIY tIWYcIWY
HYbWOJ.HOE IW&LCYLY
DIV.LAII2 Bl0E11YiY
eorzI4Iy wvbevbuvcEy
IqEbH.LA CII IViV
0bI4IflY 2YICI?LEWIDE? 0bv1fl1YiY
BVIY4fl2 CSEI1YLfl

eErrIoE IIIC.Y
HIViEflY YbCLICY

.LVXOII WYWE

O53 OS333fl O53 O3
33

OS3fl3 OS33fl fl3
333 Q8S

o.gs
O8S

T0000 1000
"rs

13333
T333 rrs
I9cQ9 15S5

I9SS
SOOOO T301
S33 T3Q9

1.59
IS

81ÔaÔd so
DY±V AVIflE brOJ. AVIflE

~
-1 3=

:
x

lJlw
lJl 

ul?
o 

Nr
or

ur
uf

ur
om

l 
Iu

m”
 
.
“
”
.

 
.”

..
.

m
U
h
l
-
o
*
m
*
m
 
L
n
e
u
l
v
-
o
a
 
m-
.l
mm
 
DI

Jl
ru

. 
0Q

m
-Io

!u
*u

hJ
. 

z
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 .
~

E .

0
0

0
0
.
-
.

t
o
l
u
h
l
u

0
.

.
.

.
.

0
O
l
i
n
@

I
u
t
h
m
w
*
*
O

x

x
x

x x x
x x x

x
x x x

x x x x x x x x x x x x x

:*
**

**
**

**
**

* 
**

+
**

**
+

**
**

+
 *

**
**

**
**

**
**

 * 
**

**
**

**
*.

+
●

 
✝

x
:

 2
: * *

●
 -

X
*

*
Z

a
●

 
D

*
●

 
Z

x
*

n
*m

:
●

* *
●

 
I

● ●
 
O

: ● ●

:
2

*
m
m

*
●

 
V

●
 U
I

●
 
-

:
m
:

●
 

-I
*

<
*

* *
:
:

: *
:
:

*
*-

+1
●

 
IM

:
:

*
●

*
*
U

I

:
:
2

*
●

 
-I
$
:

:
:
2

-2 ~*
+
0

:
:Z

*
*
C

●

*
-
O

* *
:
0

*
*

*
1

: ●

:
0

*
;
;

: *
:
:

● ●

*
<

*
:

~+
:

~:
+ :

●
8

●
●

:
:

●
*

●
●

:
:

*
*

*
●

:
:

●
●

*
8

* *
:

w:
:

N
$

:
*

*
*

*
* :

: *
●

●

:
:

*
●

*
●

:
:

●
*

:
●

*
:

:?
*
 Q

**
e*

**
*.
 
a*

* 
E
*
*
*
*
 
*
*
c
.
 
*
*
m
 

*e
**

 ●
 +

**
**

**
**

**
**

* 
●

 *
**

**
:



bIEflbOQOWIflW bUlOd?12WflW
EnooErry bvc1EtC'
WEDIUWVifl CbEI42l
bIOWObIO CIBbLkEbV
ELEOt4E rowe'.
bVb'.bH0Xfl UCflFYifl
iio iocnvivVWbHVBLLE YCFUIEQ12

bIO Elf ICOIll2iEbEEff iOEI1 I
CfACDIDE bid'.woro iuwnj.v
YYWiOff vwEICyvHYbiUC0f0biO El QIQVi1I2

iAbo2ArrI vi 1EMVLV
CHIOIOECE1E obirlO
D1vLArt &IOEWJ.ViV
wEr liv OEWiVIY
2CVf iewv iEl YniwubHEriv riwvciwv
eurElI4elv iivc.vDIYwbHIOOLv CBViEUOWE.LY
ObI4lflV Ylr iocAwv Erfluflo'.HVCOWV CY1C'.EY
HVBWOIHOE Iw&b ICYIY
vv9EfrlDE J&Ibl(Y
EIth IbE? ebaEIlrvwDiC12

Cl2LEI4IDE2 Qbvwllr'.LV
t.IEbHLA2 CII 1V.LV
9'.Ivwn? diEwvin
wyilcy C1VI1'.
Hl'ViEfIY YbCLLCV

3.0

2.4

1.6

1.2

0 .6

0

- 0 . 6

- 1 . 2

- 1 . 8

- 2 . 4

01

01

01

01

00

00

01

01

01

- 3 . 0  0 1
0.

IX)MI  NANCF - DIVERSITY CURVFS STATION GROUP G - BIOIIASS
●  * * * * * * * * * * * * * * * * * *  ●  * * * * * * * * * * * * * * * * * * * *  +**4******+ *n*** ● * * * . * * * * * * * * * + * * * * * *  ●  * * * * * * * * * * * * + * * * *  ●  * * * * *

i
●

☛

●

●

●

●

●

●

✚

4
●

●
+
●

●

●

●

●

*
●

x

x

------

x
x

x x

x
●

*
:
●

x
●

*------------ . .- x ---------- --------------------- ------------------------- ----------------- .-. +
x

x x

x x
x x x

x x
x x

x x
x

x

x x
x

●

☛

0

X x  x x x :
*

●

●

☛

,41******************  +*********+*************  ***************** ● ****************** *********************
●

a 16 24 32 40

INOIVIOUAL  TAXON NUMBER

TAXON NO. TAXON NAME DATA VALUE

::
3.
4.
5.
4.
7.
8.
9.

;!:
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
26.
2s.
26.
27.
20.
29.
30.
31.
32.
33.

2,65.853
31.0 3

J22.7 3
14.870
12.810
11.590
f:;jo

1.05 9
0.7b3
0.557
0.527
0.250
0.233
0.217
0.216
O*2 3

?0.1 0
0.147
:::?!
0.067
0.057
0.050
0.04
0.01 9
0.017
0.013
0.003
0.003
0.003
0.003
0.003

PLOT VALUE

;::$:

i:%
1.108
1.064

w:?
0.022

-0.117
-0.254
-0.278
-0.602
-0.633
-0.664
-0.666
-0.693
-0.824
-0.833
-1.097
-1.13?
-1.174
:~:$::

-1.398
-1.770
-i.77
-1.88 :
-2.523
-2.523
-2.523
-2.523
-2.523

Figure  16. D.aminmtce-diversit y curve (biomase)  calculated from Station Croup C.
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Figure 18. Oominance-diversit  y curve (biornaas)  calculated from Station Croup H.
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Figure 20. Dominance-diversity curve (biomaaa) calculated for Station Croup 1.
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DOminance-divere  ity curve (density) calculated for Station Group J.
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